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THE ROLE OF PHYSIOLOGICAL NYSTAGMUS 
IN MONOCULAR ACUITY? 


FLOYD RATLIFF? 
The Johns Hopkins University 


The extremely delicate acuity of 
the human visual system and its 
ability to perceive sharp and clearly 
defined contours are two of the most 
perplexing phenomena observed in 
the study of visual processes. In the 
first place, the limits of visual acuity 
appear to exceed physiological limits 
in that certain minimum perceptible 
visual angles of test objects are smaller 
than the visual angles subtended by 
single retinal receptors. Secondly, 
the perception of contour is clear and 
sharp even though the retinal image is 
blurred to a certain degree (because of 
diffraction and aberrations) and the 
pattern of the retinal mosaic is some- 
what irregular. These facts are not 
adequately explained by the widely 
accepted classical theories of visual 
function. There are several modern 
theories of visual acuity, however, 
which postulate the existence of vari- 


1This paper is based on the experimental 
portion of a thesis submitted in partial fulfillment 
of the requirements for the degree of Doctor of 
Philosophy at Brown University. The research 
was carried out under the direction of Dr. L. A. 
Riggs, and is part of Project NR-140-359, Con- 
tract N7 onr-358, Task Order II, between the 
Office of Naval Research and Brown University. 

? Now at Harvard University. 
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ous mechanisms presumed to be 
capable of overcoming these limiting 
factors. 

One common element in many of 
these more recent theories (4, 6, 12) is 
the notion that the minute involun- 
tary tremor of the eye (physiological 
nystagmus) plays a part in the detec- 
tion of extremely small separations 
and vernier offsets in test objects and 
in the sharpening of the blurred con- 
tours of the retinal images. In gen- 
eral, the tremor is thought of as (a) 
the basis for an averaging mechanism 
which somehow “‘rectifies” the blurred 
image on the retina, or (b) the means 
by which the illumination on a given 
receptor is rapidly changed from one 
level to another, presumably resulting 
in more effective stimulation of cer- 
tain receptor units. There is very 
little direct experimental evidence, 
however, to support these concepts. 
The primary purpose of the present 
experiments is to determine the role of 
physiological nystagmus in monocular 
acuity. 


MetTHOD 


The experiments consist, essentially, of ob- 
taining records of the involuntary eye tremor 
during the presentation of an acuity test object, 
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and of measuring certain aspects of the records 
to determine whether or not they vary in any 
systematic way with the changes in the acuity 
judgments made by S. 

A photographic method is used to record the 
physiological nystagmus. The method is es- 
sentially the same as the one described in an 
earlier paper (8). The basic element of the sys- 
tem is an optical lever provided by light reflected 
from a plane first-surface mirror mounted in a 
contact lens worn by S. 

The presentation of the acuity test objects is 
accomplished by means of a tachistoscopic de- 
vice in which a half-silvered mirror is utilized 
to obtain an almost instantaneous shift from the 
fixation field to the test-object field. 

The S fixates monocularly upon crosshairs in 
the fixation field. A warning signal is given and 
about 1 sec. later the crosshairs and fixation field 
are replaced for a period of 75 msec. by a parallel 
bar acuity test object, after which the fixation 
field is restored. The test object is presented 
randomly in horizontal and vertical positions 
and S’s task is to report on the orientation of the 
parallel bars. In Fig. 1 is shown a diagram 
representing the appearance of the various fields 
from S’s point of view. During this time the 
eye movements are recorded by means of the 
mirror in the contact lens worn by S. 


Apparatus for Presentation of Test Objects 


The presentation of test objects is accom- 
plished by means of the apparatus shown in Fig. 
2. A rotary shutter is held in a stationary posi- 
tion by a detent which engages a notch in a cam 
attached to the shutter. When this detent is 
disengaged by tripping the clutch lever, a friction 
clutch is free to move the shutter. The rotary 
shutter almost immediately attains the speed of 

















Fic. 1. The appearance of the crosshairs 
and fixation field (4), a horizontal test object 
(B), and a vertical test object (C) 


the rotating shaft, that is, one revolution per 
second. When the shutter completes one revo- 
lution, the detent again engages the notch in the 
cam, thus stopping the rotation of the shutter 
until the clutch lever is tripped again. 

The rotary shutter is constructed with an 
open sector, opposite which is a projecting vane. 
The vane and the open sector subtend angles 
(with vertices at the center of the shutter) which 
are exactly equal. Two projectors are mounted 
behind the shutter so that the plane of the shut- 
ter coincides with the focal plane of the pro- 
jectors. When the shutter is in the stationary 
position, light from Projector; is allowed to pass 
by the shutter; and by means of a lens (Z;) and 
a mirror (M;) it is made to fill a second lens 
(Zz). In front of this lens is placed a set of 
crosshairs (CH) made of fine human hair. 
These hairs, at 90° to one another, are placed at 
angles of 45° from the horizontal, with the crossed 
portion over the center of the lens. The cross- 
hairs are in the focal plane of a third lens (Z3) so 
that rays from any point on the crosshairs are 
rendered parallel upon passing through lens 3. 
These parallel rays pass through a half-silvered 
mirror (M2) and are brought to a focus by an- 
other lens (Zs). Finally, another lens (Le) 
which serves as the eyepiece for S renders the 
rays parallel again. These rays are then 
brought to a focus on the retina by the optical 
system of the eye (including the contact lens). 
As a result of this arrangement, when the shutter is 
stationary, the S perceives the crosshairs surrounded 
by a circular homogeneously illuminated field (as 
shown in Fig. 1A). The diameter of this field 
subtends a visual angle of approximately 9°. 

When the clutch lever is tripped, the shutter 
is free to rotate through one complete revolution. 
During the time that the shutter is open for 
Projector, (and, consequently, ‘closed for Pro- 
jector:) light from Projectors falls on a diffusing 
glass (DG). The parallel bar acuity test object 
(TO) abuts against this diffusing glass. The 
test object is in the focal plane of a lens (Z,4) so 
that rays from any point on the test object are 
rendered parallel upon passing through this lens. 
Next, the parallel rays strike the half-silvered 
mirror (M2) and are reflected, with some light 
loss, to lens Ls. ‘This lens brings the rays to a 
focus and they are again rendered parallel by 
lens Ls. Again, these rays continue parallel 
until they are focused on the retina by the con- 
tact lens and refracting media of the eye. Asa 
result of this arrangement, during the period of 
75 msec. when the crosshairs are not illuminated 
and the test object is illuminated, S perceives the 
parallel bar acuity test object in place of the cross- 
hairs (as in Fig. 1B or 1C). The crosshairs and 
homogeneous fixation field are then restored and 
remain visible until the clutch lever is tripped 
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Fic. 2. The apparatus for presentation of the acuity test object and recording of the 
horizontal component of the physiological nystagmus 


and the cycle is repeated. Since the rays strik- 
ing the eye from any point on the crosshairs or 
test objects are parallel, the crosshairs and test 
objects are optically at an infinite distance from 
S. The brightness of the fixation field and that 
of the test-object field were equated so that there 
would be no flicker when the test objects were 
presented. The brightness of these fields, as 
measured by the Macbeth illuminometer, was 
approximately 325 ml. 

Several test objects serving as measures of 
various degrees of visual acuity were available 
foruse. These test objects consisted of alternate 
light and dark parallel lines of equal width. 
They were on 2 X 2-in. plates processed photo- 
graphically and covered by ordinary lantern 
slide cover glasses to protect the emulsion. The 
visual angles subtended by the bars of the vari- 
ous test objects ranged from .98 min. to 1.64 
min. 


Apparatus for Photographic Recording 


Each S was fitted with a contact lens for the 
right eye.2 "The lens was ground to correct for 
any correctable defects in S’s eye. By means of 
an end milling tool a hole approximately 4 mm. 


I am indebted to Dr. E. V. Troendle for his 
skill in fitting these lenses. 


in diameter was drilled partially through each 
lens on the temporal side of the corneal bulge. 
A high quality first-surface plane mirror was 
turned down to a diameter slightly smaller than 
that of the hole in the contact lens. The mirror 
was then fitted tightly into the hole and cemented 
in place by means of “airplane glue.” Soft wax 
was placed around the edge of the mirror to pre- 
vent irritation of S’s lids. A plastic contact lens 
prepared in this manner may be worn without 
discomfort for a period of an hour or more. 

The source of light for the recording system 
(see Fig. 2) consists of a narrow vertical slit 
illuminated by a projector operated on direct 
current. The main lens (Zz) of the recording 
system has a focal length of one meter. This 
lens is in a position such that the illuminated slit 
is in its focal plane. This lens and the projector 
and slit are all fastened securely to a very heavy 
steel I-beam. A biting board (BB) for S is also 
attached to this beam. The arrangement is 
such that the rays from any point at the illum- 
inated slit are rendered parallel upon passing 
through the main lens. The parallel rays strike 
the mirror (M7) in the contact lens worn by S, 
and are reflected back through the main lens. 
(A straight-edged stop prevents any of these 
rays from reaching the pupil of S’s eye.) After 
being reflected back through the main lens, the 
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rays come to a focus on a vertically moving strip 
of film in the focal plane of the lens. The image 
of the illuminated slit is brought to a point focus, 
in the vertical plane, by means of a cylindrical 
lens (Zs) just in front of the moving film. With 
this arrangement any horizontal motion of the 
eye results in a proportional horizontal displace- 
ment of the trace on the moving film. Vertical 
motions are not recorded. 

A signal to indicate the time during which the 
test object is illuminated is provided by a system 
of mirrors (M3, M,, and Ms), a weak lens (not 
shown in the diagram), and the cylindrical lens 
(Zs). A “control” trace, to detect possible 
mechanical artifacts, is provided by a fixed 
mirror (Mg). 


Subjects 


Records were obtained from three male Ss 
ranging in age from 24 to 37 years. All had 
“normal” (20/20 or better) Snellen Chart acuity 
with the unaided eye. 


Recording Procedure 


A pair of the test objects was mounted so that 
they could be presented either in a horizontal or 
vertical position. A prearranged randomized 
order (with respect to the orientation of the test 
object) of from 50 to 100 presentations was fol- 
lowed. The S, his head positioned by the biting 
board, fixated upon the crosshairs with his right 
eye. The left eye was occluded. After a few 
minutes of adaptation to the brightness level of 
the field, the recording was begun. Previously, 
S had been adapted to the level of the room il- 
lumination. 

The £, by observing the position of the re- 
flected beams on the face of the hinged shutter, 
could determine when the beam reflected from 
the mirror in the contact lens was in the proper 
position for recording. The S was given a 
warning signal and the clutch lever was tripped 
about .5 sec. later, resulting in exposure of the 
test object for a period of 75 msec. The S then 
judged the orientation of the parallel bars of the 
test object. Five categories of judgment were 
allowed: “vertical”; “horizontal”; “vertical- 
doubtful”; “horizontal-doubtful”; and “don’t 
know.” The first and second of these indicated 
that S was virtually certain that his judgment 
was correct. The third and fourth indicated 
some degree of uncertainty. The fifth indicated 
that he was absolutely uncertain as to the orien- 
tation of the test object. The E recorded the 
judgment made by S along with the true orienta- 
tion of the test object. 

Test objects were presented as rapidly as con- 
venient, usually about every 30 sec. The S was 
allowed to rest at any time he wished to do so. 


Each experimental session required about 1 hr. 
to complete. From 200 to 500 judgments were 
obtained for each of the pairs of test objects used. 


Measurement of Records 


Since the apparatus was designed to record 
only the horizontal motions of the eye, use was 
made only of the judgments reported and rec- 
ords obtained when the test objects were 
vertical. In fact, the horizontal orientation of 
the test object was used only to keep S on his 
mettle. It is assumed that with the vertical 
test objects only the horizontal component of a 
given eye movement significantly alters the 
position of the retinal image with respect to the 
receptor mosaic of the fovea. Movements paral- 
lel to the bars of the test object would not alter 
the distribution of illumination on the foveal 
receptors. Certainly, no eye movements were 
sufficiently large to bring the image of the ends 
of the bars of the test objects to the region of the 
fovea. (No movements having extents greater 
than a few minutes of arc were recorded, while 
the test object, centrally fixated, extends over a 
field about 9° in diameter.) All of the critical 
measurements, then, are those of motion of the 
receptors perpendicular to the bars of the test ob- 
ject, and not of motion parallel to these bars. 

Earlier investigations (8) have revealed that 
four “types” of involuntary motion of the eye 
occur during attempted fixation: (a) small 
rapid motions with a median extent (peak to 
trough) of about 17.5-sec. angle of rotation, and 
frequencies ranging from 30 to 70 cycles per 
second; (b) relatively slow motions of irregular 
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Fic. 3. A sample record of the horizontal 
component of the involuntary eye movements 
during steady fixation. Upper trace is the eye 
movement record. The trace in the center is a 
control trace provided by a fixed mirror. The 
time line (lower trace) is displaced for a short 
period every .l sec. The vertical line drawn on 
the record subtends approximately 20 min. of 
arc. The horizontal line drawn on the record 
represents approximately 75 msec. of time. 
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frequency and amplitude; (c) slow drifts in one 
direction or another; and (d) rapid jerks with an 
average extent of about 5 or 6 min. of arc, oc- 
curring at irregular intervals, and at times ap- 
parently compensating for the drifts. 

However, during a brief period such as the 
75-msec. exposure time used in the present ex- 
periments it may be assumed for practical pur- 
poses that there are only two “types” of motions. 
The rapid jerky motions occur so rarely that 
they may be disregarded in these experiments. 
The slow waves and drifts may be lumped to- 
gether since, during a period of 75 msec., the 
end result of either type of motion is a gradual 
change in the position of the eye in one direction 
or another. Therefore, the measurements to be 
discussed will be only the minute rapid tremor 
and the gradual drifts of the eye, the latter term 
including both the drifts and the relatively slow 
waves. 

In the case of the recording apparatus used in 
these experiments it may be shown that the eye 
may be considered as rotating about a point at 
the center of the main lens of the recording sys- 
tem. The tangent of the angle of rotation may 
be computed by dividing the amount of displace- 
ment of the trace on the record by two times the 
distance from the main lens to the recording 
paper. (It is necessary to divide the displace- 
ment by two because the light beam reflected 
from a mirror turns through twice the angle of 
rotation of the mirror.) It has been shown 
earlier (8) that, if the fixation and test fields are 
optically at an infinite distance (as they are in 
this situation), the angle of rotation of the eye 
computed in this manner is equal to the visual 
angle subtended by the displacement of the 
retinal image. Therefore, all of the measure- 
ments to be discussed may be regarded as 
measurements of the motions of the retinal 
image. 

Measurement of gradual drifts —Since the ex- 
tents of the drifts on the records are fairly small, 
it was necessary to use a microscope and suitable 
reticle to measure them. 

The actual measurements of the drift consist 
of measuring the amount of displacement of the 
trace on the record from the beginning to the 
end of the stimulus signal. The measurement 
was arbitrarily made between corresponding 
points such as the peaks of the tremors nearest 
the ends of the signal. The control trace pro- 
vided a base line from which the measurements 
could be made. 

Measurement of minute tremor.—In order to 
avoid possible confusion of the effects of vari- 
ations in the extents of the gradual drifts and the 
effects of variations in the minute tremor, only 
the tremor in records having approximately equal 
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amount of drift was measured. It was arbi- 
trarily decided to use only the records having 
relatively small amounts of drift (20 sec. of arc 
or less). Since the rapid tremor is extremely 
small, all of the records to be measured were en- 
larged about ten times to facilitate their meas- 
urement. 

It was decided that a measure of the average 
change in position of the trace per unit time 
would best describe the variations in the minute 
tremor. The measurements were made by 
means of the following instrument. A needle- 
like pointer was attached to a movable shaft 
which was moved along the vertical axis of the 
record by means of a micrometer. A strong 
spring kept the shaft in firm contact with the 
micrometer at all times to prevent “lost motion.” 
A handwheel attached to the micrometer made 
it possible to make very fine adjustments of the 
pointer. A mechanical counter attached to the 
handwheel recorded tenths of revolutions of the 
micrometer knob. One revolution moved the 
pointer a distance on the record equal to ap- 
proximately 5 sec. of visual angle. A plate 
mounted on the cross slide of a lathe moved the 
record along the time axis with respect to the 
pointer. 

The actual measurements of the tremor were 
made as follows. The record was mounted on 
the plate attached to the cross slide in a position 
such that the time axis of the record was parallel 
with the line of motion of the cross slide. The 
cross slide and pointer were then moved into 
positions such that the pointer was aligned with 
one edge of the trace at the beginning of the 
stimulus signal, and a reading of the counter 
was taken. The cross slide was then advanced 
by a given amount. (Successive advances of 
the cross slide have the effect of dividing the eye 
movement record into about 19 segments, each 
covering about 3.9 msec. of time.) The pointer 
was aligned each time with the edge of the trace 
by turning the micrometer handwheel, and a 
reading of the counter was taken at each of 
these successive positions. The resulting dif- 
ference between successive readings represents 
the change in the position of the trace during 
the given interval of 3.9 msec. The successive 
differences were summed and divided by the 
number of time intervals to yield the average 
change in position of the eye per unit time during 
the exposure of the acuity test object. 

In all of the measurements of drift and tremor 
described above, the records were identifiable 
only by means of a code number. The E did 
not know, until after the records were measured, 
which records corresponded to the various cate- 
gories of judgment{made by S. 
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RESULTs 


Once the measurements as described 
above were completed, they were re- 
lated to the acuity judgments made at 
the time the records were obtained. 
Since only the records obtained when 
the acuity test objects were vertical 
were measured, the judgments made 
when the test objects were horizontal 
were discarded. It was found that 
few “doubtful” judgments were made, 
and that these judgments were always 
correct, as were the “vertical” judg- 
ments. Therefore, these two cate- 
gories were lumped together and 
called “correct”? responses. The re- 
maining category, “don’t know,” was 
called “incorrect.” It is important 
to note that horizontal test objects 
were presented randomly along with 
the vertical test objects and this 
served to eliminate guessing on the 
part of S. In fact, there was no evi- 
dence of guessing, such as judging a 
horizontal test object as vertical or 
vice versa. 


Gradual Drift and Visual Acuity 


The distribution of correct and in- 
correct responses with respect to the 
amount of drift suggested that when 
the drift is relatively small the pro- 
portion of correct responses is greater 
than when the drift is relatively large. 
In order to make a more careful analy- 
sis of this relationship, the drifts were 
divided into “small” drifts, which in- 
cluded those of 20 sec. of angle of 
rotation or less, and “large” drifts, 
which included those greater than 20 
sec. of angle of rotation of the eye. 
This resulted in roughly equal fre- 
quencies in the two classes. It should 
be remembered, however, that even 
the extents of the very largest drifts 
(140 to 150 sec.) are only about twice 
the width of the bars of the acuity 
test objects near the threshold. 


In Fig. 4 are shown graphs of some 
of the data obtained from each of the 
three Ss, using test objects near their 
acuity thresholds. In each case a 
higher percentage of correct responses 
results when the drift is relatively 
small than when it is relatively large. 

A statistical test was made of the 
hypothesis that the number of correct 
and incorrect responses is independent 
of the extent of the drift. Using a 
2 X 2 x? table (correct and incorrect 
responses, large and small drift) it was 
found that for subject LAR, 9 is less 
than .001, for LH, 9 is less than .001, 
and for FR, pis less than .01. There- 
fore, it may be concluded that rela- 
tively large extents of drift are a 
hindrance to monocular acuity as 
measured in these experiments. 


Minute Tremor and Visual Acuity 


Examination of the records and of 
the data obtained by measuring the 
records of the minute tremor of the 
eye suggested that the incorrect re- 
sponses were associated with the 
larger amplitudes of the minute tre- 
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Fic. 4. Per cent of correct acuity judg- 
ments when the drift of the visual axis was 
“small,” “large,” and when drift was not con- 
sidered. In each case the test object was near 
the subject’s acuity threshold. The bars of the 
test objects subtended the following visual 
angles: for subject LAR, 1.077 min.; for subject 
LH, 1.025 min.; for subject FR, 1.64 min. 
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TABLE 1 


Mean CHANGE IN PosiTION or THE Eve 
(sec.) PER Unit Time (3.9 MSEC.) FOR 
Correct AND IncoRRECT JUDGMENTS 

















Subject | Judgment N Mean p 

Correct 35 2.81 

LAR <.02 
Incorrect 15 3.53 
Correct 50 3.24 

LH <.05 
Incorrect 20 3.83 
Correct 50 2.92 

FR <.40 
Incorrect 25 3.08 

















mor, while the correct responses were 
associated with the smaller ampli- 
tudes. However, since the tremor is 
only one of a great number of factors 
determining the limits of acuity, some 
statistical treatment of the data was 
necessary to reveal the relationship 
more clearly. The “average change 
in position” of the eye per unit time 
was determined for each of the records 
as outlined above. Next, for each S 
the means of the average changes in 
the records pertaining to correct judg- 
ments and of those pertaining to in- 
correct judgments were determined. 
For each S it was found that the mean 
amount of tremor, as measured in this 
manner, was greater in the case of in- 
correct responses than in the case of 
correct responses. 

Using a t-test for small independent 
samples the p-values shown in Table 1 
were obtained. 

Although the difference for subject 
FR is not significant, it should be 
noted that the trend is in the same di- 
rection as in the other two cases. 


Therefore, it may be concluded that 
relatively large changes in the position 
of the eye (as a result of the rapid 
tremor) are a hindrance to monocular 
acuity as measured in these experi- 
ments. 
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Discussion 


It has been pointed out in various 
reviews of theories of visual acuity 
(10,11) that there are two general 
types of acuity theory. First, there 
are the so-called “static” theories 
based largely on peripheral processes. 
In these theories the resolving power 
of the eye is accounted for on the 
basis of the ability of the visual sys- 
tem to distinguish small differences in 
the illumination falling on adjacent 
receptors. The retinal image is 
thought of as being stationary, and it 
is usually assumed that any motion of 
the eye is a hindrance to acuity. 

Second are the “dynamic”’ theories. 
Some of these theories are rather 
elaborately worked out, and many of 
them consider central as well as periph- 
eral processes. In these theories 
the assumption is made that motion of 
the eye, by means of which the re- 
ceptors are exposed to first one level 
of illumination and then to another, is 
an aid to acuity. The physiological 
nystagmus has been assigned one or 
more of several definite roles in these 
“dynamic” theories. One assumed 
function of the nystagmus is that of 
providing the basis for a sort of an 
“averaging mechanism” which recti- 
fies the blurred image and enhances 
contrast, thus aiding acuity (6, 12). 
Another assumed role is that of pro- 
viding a rapid change in the level of 
illumination falling on the various re- 
ceptors. This situation presumably 
results in a higher level of neural 
activity in the case of certain receptor 
conductor units than would result 
from a retinal image which was mo- 
tionless with respect to the receptor 
mosaic (3). 

The results of the present experi- 
ments indicate the manner in which 
the physiological nystagmus influ- 
ences monocular visual acuity for a 
conventional grating type test object. 
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The “‘Static’? Theories 


The results of these experiments are 
in harmony with the hypothesis that 
acuity would be at its best in a com- 
pletely immobile eye. However, 
complete support for this hypothesis 
requires slight extrapolation from the 
obtained results. Instead (based on 
these results), only the general state- 
ment may be made that relatively 
small eye movements result in better 
acuity than do relatively large eye 
movements. It must be remembered 
that no direct evidence has been ob- 
tained which would indicate that the 
immobile eye has better acuity than 
the eye in motion, for in no case in 
these experiments was the eye com- 
pletely immobile during the entire 
time that a test object was exposed to 
view. Therefore, the possibility re- 
mains that a small amount of motion 
may actually be an aid toacuity. In 
general, however, it may be stated 
that the results of these experiments 
give support to the hypothesis that 
the motion of the eye during fixation 
is a hindrance to acuity. While the 
results lend no support to the central 
concept in the “static” theories (that 
acuity is simply a form of intensity 
discrimination by adjacent receptors), 
they are compatible with such a con- 
cept. 


The “Dynamic” Theories 


The results of these experiments are 
not in accord with the hypothetical 
roles assigned to the physiological 
nystagmus in these theories. It 
should be noted that for the most part 
the proponents of these theories have 
made use of the data obtained by 
Adler and Fliegelman (1) which indi- 
cate that the rapid tremor of the eye 
has average extents of a little over 2 
min. of angle of rotation. However, 
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the most recent evidence on the ex- 
tent of the physiological nystagmus, 
as summarized in a recent review by 
Lord and Wright (5), indicates that 
the extent of the rapid tremor is con- 
siderably smaller than that reported 
by Adler and Fliegelman. A first ob- 
jection, then, to the “dynamic” the- 
ories is the fact that the physiological 
nystagmus is very much smaller than 
that assumed, or demanded, by these 
theories. 

A second objection may be made on 
the basis of the results of the present 
experiments. It has been demon- 
strated that drifts of the visual axis 
greater than 20 sec. of angle of rota- 
tion—an angle smaller than the dia- 
meter of the average foveal receptor 
(7)—are a hindrance to monocular 
acuity. It has also been demon- 
strated that the relatively large 
changes in the position of the eye as a 
result of the rapid tremor are a hin- 
drance to monocular acuity. In gen- 
eral, then, it may be stated that these 
experiments lend no support to the 
hypothesis that motion of the eye 
during the presentation of a*test ob- 
ject is an aid to acuity. Neither do 
these results support the concept that 
acuity is a form of discrimination of 
changes in the level of illumination on 
certain receptors brought about as a 
result of the physiological nystagmus. 


Theoretical Limitations of the Present 


Study 


The present experiments may properly be 
regarded as exploratory. They do not provide 
a complete answer to the problem of the role of 
physiological nystagmus in visual function. 
Instead, there are a great number of problems 
remaining to be investigated. 


1. Although these experiments have indicated 
that the nystagmus does not aid monocular 
acuity with the conventional grating type of 
test object, these motions may aid in other visual 
functions such as the perception of straightness 
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of lines; the recognition of simple borders; or 
the detection of “graininess.” 

2. The acuity of the immobile eye has not 
been investigated, since the eye is not immobile 
under normal conditions and £’s are reluctant 
to take the rather drastic steps necessary to ob- 
tain an essentially motionless eye. However, 
use of extremely short exposure times would 
provide records obtained during little or no 
motion of the eye. Also, some preliminary in- 
vestigations have indicated that it may be pos- 
sible, by means of a suitable optical arrangement, 
to provide an image on the retina which is mo- 
tionless with respect to the retina itself. This 
arrangement (equivalent to immobilizing the 
eye) would permit the use of relatively long ex- 
posure times in obtaining data on an effectively 
immobile eye. 

3. In the present experiments the almost in- 
stantaneous presentation of the test object in a 
homogeneously illuminated field results, by it- 
self, in a very high rate of change in the level of 
illumination on the receptors involved. There- 
fore, it is conceivable that the eye tremor could 
still be important in providing a high rate of 
change in the level of illumination on the re- 
ceptors during prolonged periods of observation, 
especially when test objects such as a single fine 
line are used. 


4. Finally, the present results are 
limited to monocular fixation. Mo- 
tions of the two eyes during binocular 
fixation have been recorded in recent 
experiments (9). One very impor- 
tant fact was brought to light in these 
experiments. The minute rapid tre- 
mor of the two eyes 1s not coordinated in 
binocular fixation. This, of course, 
means that “corresponding points” 
on the two retinas are not actually 
corresponding points. The corre- 
spondence must be between average 
positions on the two retinas. It is 
difficult to see how some of the re- 
markably low thresholds of only a 
second or two of visual angle (2) are 
reached when the two eyes are inde- 
pendently undergoing rapid motions 
of 15 or 20 sec. of arc. The first 
speculation might be that binocular 
vision makes use of certain dynamic 
mechanisms which are not involved in 
monocular vision. 


SUMMARY 


Three Ss fixated monocularly upon 
crosshairs in a homogeneous field. 
For a period of 75 msec. this field was 
replaced by a parallel bar acuity test 
object after which the fixation field 
was restored. The test object was 
presented randomly in horizontal and 
vertical positions, and S’s task was to 
report the orientation of the parallel 
bars. At the time of exposure of the 
test object, the horizontal eye move- 
ments were recorded. 

The conclusions are as follows: (a) 
Involuntary drifts of the visual axis 
during the presentation of the test 
object are clearly detrimental to 
monocular acuity; (b) Relatively 
large amounts of the minute rapid 
tremor during the presentation of a 
test object are a hindrance to monocu- 
lar acuity. 

These findings are compatible with 
the assumption that acuity, as meas- 
ured by a typical grating test object, 
depends upon simultaneous differen- 
tial responses of adjacent receptors. 
They are not in agreement with the 
assumption that the small involuntary 
eye movements contribute to visual 
acuity by providing temporal vari- 
ations in the stimulation of each re- 
ceptor as it is exposed to various parts 
of the retinal image. 


(Manuscript received July 12, 1951) 
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EXPERIENTIAL FACTORS IN VISUAL FORM PERCEPTION: 
II. LATENCY AS A FUNCTION 
OF REPETITION! 


RICHARD C. ATKINSON 
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ROBERT B. AMMONS 
University of Louisville 


In the first paper in this series (1), a 
number of meanings of the word “per- 
ception” were listed. The discussion 
was then limited to one meaning, that 
of visual recognition, and empirical 
findings were summarized. The pres- 
ent paper summarizes the results of 
the first of several systematic studies 
of the latency and probability of oc- 
currence of visual recognition as af- 
fected by various experimental mani- 
pulations. 

It is perhaps in order to indicate the 
general nature of the phenomena 
which we propose to study. The 
term visual recognition refers to the 
kind of experience one has when one 
becomes aware of a figure. This hap- 
pens, for example, when one “sees” 
an ink blot as a familiar object, or 
sees a reversible perspective in one 
clear orientation for a moment. A 
percept is a particular familiar organ- 
ization of stimulus material as figure. 
An example would be seeing the blot 
on Rorschach’s Plate I (12) as a 
“bat.” The bat would be a percept. 
More precise, operational definitions 
will be given these terms later in the 
paper. In brief, E suggests a particu- 
lar percept, exposes an ink blot, and 
measures the time necessary to “see” 
the percept on repeated occasions. 


1The authors gratefully acknowledge many 
helpful criticisms and suggestions by Dr. Harold 
Schlosberg, Mrs. C. H. Ammons, and Dr. A. J. 
Latham. 


To study “learning to learn,” E ob- 
serves S’s performance with a series of 
blots and percepts. Finally, by suc- 
cessively introducing two percepts for 
the same blot, he can study interfer- 
ence. 


Several investigators have found a decrease 
in latency of visual recognition with practice. 
Leeper’s Ss (9), on the average, required less time 
to recognize incomplete figures the second time 
these were presented than they had required the 
first time. Using a task calling for discovery of 
a familiar simple figure within a complex figure, 
Gottschaldt (6), Hanawalt (8), and DuBois and 
Bunch (2) all observed a decrease in the time to 
respond, with practice. From this information, 
and assuming that visual recognition is a learned 
response, it has been predicted (1) that: (a) 
With increasing number of exposures, recognition 
will become more rapid, latency showing a de- 
crease. 

The finding that more complex material takes 
longer to learn is very nearly universal. Mc- 
Geoch (10) summarizes a number of studies 
showing this for such materials as prose, non- 
sense syllables, finger mazes, and rational learn- 
ing problems. If we assume that recognition 
is similar and related to these other processes, 
and that trials to learn and time taken on a given 
trial are positively correlated, we can predict 
that: (b) The more difficult a percept, the greater 
the latency of recognition. 

There is some evidence for negative transfer 
from one recognition situation to another. Gib- 
son (5) found that Ss who learned a second series 
of nonsense words in the “rest” period between 
two practice periods with a first list, recognized 
fewér of the words in the original list on second 
presentation than did Ss who had not learned 
the second list. McKinney (11) found the same 
sort of thing with pictorial advertisements and 
nonsense syllables. Here again since we have 
some indirect evidence and seem to be dealing 
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with learning, we predict by analogy that: (c) 
The latency of recognition will be greater for a 
second percept than for the first, when both are 
based on the same stimulus material. 

People “learn to learn.” For example, Ward 
(13) with nonsense syllables, and Greenberg and 
Underwood (7) with paired adjectives, reported 
that Ss took less time to reach a given criterion 
of learning, the more lists they had already 
learned. However, as practice was continued, 
there was less and less gain. It can be surmised 
that with sufficient practice a point would be 
reached where no further list-to-list improve- 
ment would appear. Since recognition responses 
have been made in great numbers by any normal 
S, it is predicted that: (d) With the recognition 
response, there will be little or no “learning to 
learn,” i.¢., little or no decrease in response latency 
from percept to percept due only to prior recognition 
experience and not to content. 


PROBLEM 


The present study is designed to 
provide answers to the following ques- 
tions about the latency of visual rec- 
cognition responses to Rorschach ink 
blots: (a) What changes in latency take 
place asa result of practice? (b) What 
is the effect of difficulty of perceptual 
organization on latency? (c) What 
happens to latency when a second and 
different perceptual response is being 
set up to the same stimulus material? 
(d) Is there a transfer in efficiency 
with the setting up of successive re- 
sponses, i.e., a “learning to learn’? 
In the course of finding answers to 
these questions, the accuracy of the 
above predictions can also be checked. 


METHOD 


Subjects —A total of 12 male and 12 female 
Ss completed the main experiment. Records of 
five other Ss were discarded, for reasons noted 
later. All Ss were college students, volunteers 
not familiar with the Rorschach test, and had 
taken no advanced psychology courses. 

Materials—A 55- by 72-in. board. was 
mounted vertically on the edge of a table, as a 
screen. At eye level for a sitting person there 
was a 7- by 9.5-in. rectangular opening covered 
by a sliding panel. Behind the panel was a 
mounting platform for the Rorschach plate. 
Plates I, IV, V, and VII (12) were used. Re- 


sponses were timed with a .00l-min. Standard 
Electric timer. In the main experiment, 60 
magazine photographs mounted on backing 
sheets in booklet form served as interpolated 
material. These photographs were relatively 
dissimilar to the percepts and ink blots as to 
content and form. 

The apparatus operated as follows: E threw 
a switch completing a solenoid and timer circuit. 
The solenoid core withdrew, allowing the sliding 
panel to drop, thus exposing the Rorschach plate 
at the same time that the timer started. As 
soon as he “saw” the percept, S pressed a button 
which broke the timer circuit. The timer thus 
recorded the recognition latency, measured as 
time from the dropping of the panel by E to S’s 
signaling his recognition. The E£ then replaced 
the sliding panel in front of the Rorschach card. 

Procedure-—The S seated himself in a chair 
with his eyes 18 in. from the sliding panel. He 
was told that he would see some pictures and ink 
blots, and that he would be told what to “see” 
in the ink blot, using all parts of it carefully. 
He was to press a button when he clearly saw 
what he was supposed to in the ink blot, and not 
before. The magazine pictures were to be ob- 
served between the several exposures of an ink 
blot, and a single word best describing the con- 
tent was to be written down. 

In the preliminary practice period S was in- 
structed to look for a “butterfly,” and shown 
Rorschach’s Plate V five times, each time until 
he indicated recognition. In each period be- 
tween observations, he looked at one magazine 
picture and wrote down a descriptive word. 
After the fifth recognition, the plate was shown 
again to S, and he was asked to point out the 
major details of the percept, indicating whether 
or not he had seen the blot this way each time. 
He was cautioned to use all the blot, the same 
way each time. Next, S was informed that he 
would see “two women with the backs of their 
heads together,” and Rorschach’s Plate VII was 
exposed inverted. There were five exposure or 
recognition periods with interpolated magazine 
picture naming, followed by pointing out of the 
percept details. The S indicated any changes in 
these details, and was again cautioned to be con- 
sistent and complete. 

The S was then told he would see the “butter- 
fly” plate again, but this time as “two rams 
bucking each other.” Ten exposures were 
made, separated by 15-sec. inter-exposure pe- 
riods. Magazine picture naming was continued, 
and S was warned 2 sec. beforehand of the next 
blot exposure. Once more he was questioned as 
to blot details and their constancy over the ten 
exposures, and was cautioned. This completed 
the pretraining or preliminary practice period. 

The regular experimental period followed. 
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The S recognized each of four percepts ten times 
in sequence. Magazine picture naming was con- 
tinued in the 15-sec. inter-exposure periods, as 
was the 2-sec. pre-exposure warning. Rest pe- 
riods of 2 min. were given between the four per- 
cept series. Latency of recognition was recorded 
from the timer after each of the 40 exposure or 
recognition periods. After all the recognitions, 
S ranked the four percepts in order of their 
difficulty for him. He then identified the major 
details of each percept, and indicated whether 
they had remained constant. The records of 
five Ss who, during the experimental period, did 
not see the common details, did not see them ap- 
proximately the same during the ten exposures, 
or were not able to see some percept at all, were 
discarded. 

A preliminary study of percept difficulty was 
carried out with a class of 50 students. Each 
person listed as many whole responses as he 
could to each of the ten Rorschach plates. To 
choose plates and percepts for the experiments, 
frequencies of similar responses were tabulated. 
After elimination of the colored plates, a search 
was made for three plates, each with both a 
“hard” (seldom seen) and an “easy” (often seen) 
percept, and a fourth plate with a “medium” 
percept. 

For the preliminary practice period, the fol- 
lowing plates and percepts were chosen: “butter- 
fly,” Plate V (easy, seen by 32 students); “two 
women with backs of heads touching,” Plate VII 
inverted (medium, seen by 17); “two rams 
bucking each other,” Plate V (hard, seen by 2). 
Thus practice could be given with easy and hard 
percepts, and with two percepts based on the 
same plate. 

For the experimental period, the following 
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plates and percepts were chosen: “cat’s face,” 
Plate I (easy, seen by 36); “motorcycle,” Plate 
I (hard, seen by 1); “‘animal skin,” Plate IV 
(easy, seen by 34); and “man seated on a fire 
hydrant,” Plate IV (hard, seen by 2). Thus, 
there was a hard and an easy percept for each of 
two plates. 

The three practice percepts were always given 
in the same order. The four experimental per- 
cepts were given in completely counterbalanced 
order, each of the 24 Ss being randomly assigned 
one of the 24 possible sequences. Each of the 
two plates used in the experimental period was 
exposed 20 times, ten times for each of two per- 
cepts. The magazine picture naming and stair- 
case reversal were interpolated between ex- 
posures to “break up” visual images and set 
to remember the percept. The inter-exposure 
interval was set at 15 sec. because introspective 
reports from preliminary Ss indicated that this 
did not lead to confusion or inhibition. 


RESULTS 


The data can be analyzed in several 
different ways. Figure 1 shows the 
mean and median latencies of rec- 
ognition for each of the four experi- 
mental percepts, as a function of 
amount of practice (number of ex- 
posures). As predicted, (a), latency 
drops rapidly for the first few trials, 
then more slowly. Improvement is 
much more rapid than is the case in 
the acquisition of many other re- 


sponses. Means are higher than me- 
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Fic. 1. Mean and median latencies of recognition for each of the four experimental percepts 
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Fic. 2. Interference effects estimated by comparing mean latencies of recognition of percepts 
presented first with those of percepts presented second from the same card 


dians, indicating that the distributions 
of latencies are skewed. Latencies 
show about the same sort of change for 
all four percepts, and relative levels 
are fairly consistently maintained. 
Stability of the measures is further 
indicated by odd-even score reliabili- 
ties (product-moment correlations) 
ranging from .57 for “motorcycle” 
to .91 for “animal skin,” with a 
median of .76. Corrected to full 
10-trial length (4, p. 319), this median 
r becomes .86. Interestingly enough, 
the two “easy” percepts have higher 
odd-even reliabilities (.79 and .91) 
than the two “hard” percepts (.73 
and .57), judging easiness and hard- 
ness from frequency of mention by the 
student group. It should be noted 
that this reliability estimate is prob- 
ably slightly inflated by interference- 
produced heterogeneity of latencies 
for a single percept. 

The results of analyses for interfer- 
ence effects are shown in Fig. 2. 
Since in the experimental series two 
percepts are based on each of the two 
plates, it is possible to compare 
performance with the two. Separate 
computations can be made for cases 


where the two percepts based on one 
plate are given one immediately after 
the other (24 instances) and where 
they are separated by one or two per- 
cepts based on the other plate (16 and 
8 instances, respectively). It can be 
seen from Fig. 2A, that, as predicted, 
(c), there is definite interference per- 
sisting throughout the practice pe- 
riod, when the second percept based 
on a given plate immediately follows 
the first. Figure 2B shows that this 
interference does not appear, con- 
trary to prediction, (c), when one or 
two different percepts, based on the 
other plate, are practiced in between. 
This might be called inhibition of 
retroactive inhibition, and may be 
sume sort of disinhibition phenom- 
enon. . The median latencies show the 
same effects as the means. Central 
tendencies are somewhat less stable 
because each S is not his own control 
in this analysis. 

Figure 3 shows the effects of diffi- 
culty of percept on mean latency of 
recognition. Difficulty in Fig. 3A 
was defined in terms of frequency of 
mention by the student group of 50, 
while difficulty in Fig. 3B was defined 
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Fic. 3. Effects of difficulty of percept on mean latency of recognition 


as average difficulty ranking by the 
experimental Ss. In each case, la- 
tencies of both easy and hard percepts 
show the same sorts of decreases, and, 
as predicted, (b), the hard percepts 
have consistently greater latencies 
throughout the practice. The great- 
est difference appears at the start of 
practice. The total time to respond 
on the first three exposures was cor- 
related with the total on the last 
seven for each percept. Correlations 
ranged from .36 for “motorcycle” to 
.85 for “animal skin,” with a median 
of .58 for all percepts. It can be 
seen that a percept difficult for S at 
the start of practice tends to remain 
difficult for him. 

As predicted, (d), there was no evi- 
dence for a “learning to learn” effect, 
since mean performance did not im- 
prove from the first to the last percept. 
However, there may have been some 
improvement during the preliminary 
practice period when latencies were 
not recorded. No gross sex differences 
were observed in latency of recogni- 
tion.? 

2In a check experiment involving six Ss, the 


interpolated magazine pictures were replaced by 
an 8- by 10-in. drawing of a reversible perspec- 


Discussion 


Woodworth (14, pp. 303-305) tells of early 
experiments similar to this one, with the “‘d-re- 
sponse,” measured as time to signal that a fami- 
liar picture or object had been recognized. 
Study of the d-response was gradually given up, 
due mainly to Ss’ inability successfully to dis- 
criminate between just seeing “something” and 
actually recognizing it. Our Ss reported that 
they “slipped” a few times, usually toward the 
end of a series of exposures of a given ink blot. 
However, this did not happen often, and was 
usually compensated for by increased caution 
on the next exposure. 

To check on Ss’ reports, a correlation was run 
for each percept, between total latency on the 
first three exposures and that on the last seven, 
as reported in the results section. The median 
r for the four percepts was .58, which indicates 
that some of the same factors were operating 
early and late in practice. Mean latencies for 
the 12 Ss with the largest total latencies on each 
percept are compared with those for the 12 with 
the smallest total latencies in Fig. 4. Curves 
are of the same shape, flattening out for both 
groups in the case of every percept. It is hard 
to believe that the latencies of the slower Ss in- 


tive, the Schroeder staircase (14, p. 628), and 
with S instructed to speed up the reversals of 
perspective but with all other conditions the 
same as in the main experiment. Mean laten- 
cies of recognition for this group were about the 
same as those for the main group, indicating 
that the type of interpolated material probably 
does not have much effect on acquisition of the 
recognition response. 
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Group Mean Latencies, 
A// Percepts Combined 
——/2 Ss with largest tota/ /atencies 
260t ——=/2 5s with smallest total latencies 


® 
Ss 








O~T et S4SE?TES 
Successive exposures 


Fic. 4. Mean latencies for slow and fast 
recognition groups for all percepts combined 


cluded very many simple reaction times. The 
present experiment appears to differ markedly 
from those with the d-response, at the least with 
respect to nature of material, number of trials, 
de-emphasis of speed, and introduction of inter- 
polated material between exposures of test 
stimuli. 

It is apparent that set is an important deter- 
miner of response in this situation. In a way, it 
can be said to mediate organizational activity 
and redintegration. In a general way, the phe- 
nomena can be attributed at least partly to the 
acquisition of specific sets as a function of prac- 
tice. 


SUMMARY 


Twenty-four Ss practiced visual 
form perception with two Rorschach 
ink blots, then were given ten con- 
secutive trials (exposures) with each 
of four percepts, two based on each of 
two additional ink blots. Each trial 
lasted from the time a blot was pre- 
sented until S signalled that he had 
“seen” the percept suggested by E 
at the start of the particular series of 
ten trials. Mean and median laten- 
cies showed a progressive decrease 
for each percept, as a function of 
number of trials, with the greatest 
decrease taking place on the first 
three trials. Mean latencies for the 
second percept based on a blot were 
greater than those for the first, if 
there had been no interpolated prac- 


‘tice with another blot. 


“Difficult” 
percepts took longer to recognize 
throughout practice, and there was no 
evidence for “learning to learn” dur- 


ing the experimental period. Find- 
ings support four predictions based 
on the assumption that the visual 
recognition response is learned. 


(Manuscript received May 15, 1951) 
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THE EFFECT OF SIMULTANEOUS VISUAL STIMULATION 
ON ABSOLUTE AUDITORY SENSITIVITY? 


LEE W. GREGG AND W. J. BROGDEN 


University of Wisconsin 


A survey of the literature dealing 
with the general problem of inter- 
sensory relationships reveals that sig- 
nificant changes in the sensitivity to a 
primary stimulus have been reported 
when an auxiliary stimulus of supra- 
liminal intensity is presented simul- 
taneously to receptors of a sense 
modality different from that to which 
the primary stimulus was presented. 
However, the changes have not always 
been found to lie in the same direction. 
In some instances, the auxiliary stimu- 
lus has been found to enhance or 
facilitate sensitivity. In others, an 
inhibitory effect has been observed. 
Studies in this general area of re- 
search have been reviewed by Ryan 
(9) and by Gilbert (6). 


The present experiment is an attempt to dif- 
ferentiate conditions under which an auxiliary 
light stimulus facilitates or inhibits sensitivity 
to auditory stimuli. There are relatively few 
studies that are directly relevant to this problem. 
Hartmann (8) measured pitch and loudness dis- 
crimination by means of the Seashore records 
under conditions of very high and very low levels 
of general illumination. He reported a slight 
increase in acuity for the high level of illumina- 
tion. However, in another experiment in which 
Ss were tested in complete darkness and were 
required to make a verbal report instead of re- 
cording their responses in the usual way, audi- 
tory acuity was greater than for the high level of 
illumination. Hartmann proposed that “a 
simultaneous auxiliary heteromodal stimulus 
augments the main stimulus when the former is 
in the background, but it acts in an inhibiting 
way when it is focal.” Cason (3) reported a 
facilitating effect when the onset of an auxiliary 
stimulus coincided with the onset of the main 
stimulus. He had 40 Ss judge the intensity of a 
second stimulus with respect to a first, and found 


1 Supported in part by the Research Commit- 
tee of the Graduate School from special funds 
voted by the State Legislature. 


that when a light was presented, the auditory 
stimulus was judged louder than when the same 
auditory stimulus was presented without light. 
Similarly he found that a sound presented with a 
light made the light appear brighter than when 
the same light was presented alone. Child and 
Wendt (4) investigated the influence of a light 
upon auditory acuity as a function of the tem- 
poral interval between the light and tone. They 
found that light facilitated reception of the tone 
and that the maximum effect was obtained when 
the light preceded the tone by .5 sec. These 
authors favored an interpretation of their re- 
sults in terms of some type of neural summation, 
but nonetheless did not exclude the possibility 
of peripheral factors and “complex phenomena of 
attention and judgment.” 

Preliminary experiments by the present 
authors indicated that intersensory effects 
could be measured by comparing auditory or 
visual thresholds to tone and light separately, 
with thresholds for tone and light in combina- 
tion. In these experiments, separate thresholds 
were determined by a modification of the 
method of limits. Then, the two stimuli, a 
1000-cycle tone and a circular light patch, were 
presented simultaneously, and as E varied the 
intensities of the two stimuli, S reported on the 
presence of the light, tone, or both. The group 
mean thresholds for tone and light were not 
significantly different for the two conditions. 
However, examination of the thresholds obtained 
with the combination of tone and light revealed 
that for many Ss one of the two thresholds was 
lower than that for presentation of the stimulus 
alone; the other threshold was equal to or higher 
than that obtained when the stimulus was pre- 
sented alone. Only in rare cases were both 
thresholds for the combined stimuli lower than 
for their separate presentation alone. Facilita- 
tion of auditory acuity by light occurred with 
about the same frequency as did inhibition of 
auditory sensitivity. A similar relation between 
facilitation and inhibition of visual sensitivity by 
the tone was found also. Obviously, the experi- 
mental conditions in which tone and light were 
presented together did not provide for separation 
of the factor or factors that produce inhibition 
or facilitation. Either light or tone may have 
either function. It is a reasonable assumption 
that the instructions to report on both the tone 
and the light, and the information that both 
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auditory and visual thresholds would be meas- 
ured, include the factors that produce facilitation 
or inhibition. One can assume further that a 
facilitating effect would be more likely to occur 
if the Ss are oriented toward one of the two 
stimuli only, and if thresholds for this stimulus 
only are measured, and S is so informed. It 
follows, then, that an inhibitory effect should 
have greater likelihood of occurrence if S is 
oriented toward both kinds of stimuli, even 
though thresholds are obtained for one only, and 
S is so informed. It is these hypotheses that 
determined the design of the present experiment. 
Thresholds of auditory acuity were obtained for 
two groups of Ss. One group was informed of 
the light condition that might accompany the 
tone and was required to respond to the light as 
well as to the tone. The other group was not 
informed about the light and no request to re- 
port on it was made. For both groups, auditory 
thresholds were obtained under a no-light condi- 
tion and under two light conditions that were 
simultaneous with the presentation of each tone 
and that differed from each other only in terms of 
brightness. The brightness of the light in both 
cases was near the threshold. 


METHOD 


Apparatus.—The S sat in a sound-treated 
room at a table facing one wall. A chin rest was 
attached to the table in such a position that S’s 
head was level with a gray metal box, 11 by 17 
in., mounted on the wall and containing the light 
source. A pair of loudspeakers was mounted 
beneath the table, one at each end so that each 
speaker was approximately the same distance 
from S’s head. A ceiling fixture and globe con- 
taining a 100-w. bulb provided the illumination 
for the room. A microphone rested on the table 
to the left of S, out of his line of vision. A large 
loudspeaker for intercommunication was affixed 
to the wall at S’s right. The rest of the appara- 
tus was located in an adjoining room occupied 
by E£. 

The auditory stimulus, a 1000-cycle tone, 
was provided by a Wien bridge oscillator care- 
fully calibrated by means of a standard fre- 
quency broadcast by the National Bureau of 
Standards’ radio station WWV. The output 
of the oscillator was fed into a Hewlet-Packard 
attenuator set, model 350A, then to a matching 
transformer and into the loudspeakers mounted 
beneath S’s table. 

The light stimulus was an increase in the il- 
lumination of a small circle } in. in diameter in 
the center of the metal box on the wall facing S. 
The patch subtended approximately 43-minutes 
visual angle. An opal glass plate was mounted 
behind the }-in. circle cut in the box, and behind 


the glass plate was a neutral tint filter, No. 2.0. 
A 6-in., 4-w. fluorescent bulb (G. E., daylight) 
was mounted in the box and activated by a 
DC voltage source. A fluorescent bulb was used 
so that the intensity of the light source could be 
changed by varying the voltage without the cor- 
responding hue change observed with incandes- 
cent bulbs under these conditions. The fluores- 
cent bulb was operated at the lowest current pos- 
sible without having the tube cut off. The light 
stimulus was therefore an increase in brightness 
of the circle brought about by shorting out fixed 
resistors in series with the source. The bright- 
ness of the circle, which is referred to as the 
fixation circle in this experiment, at the lowest 
current was 2.050 ml. as measured by a Macbeth 
illuminometer. 

Experimental design——Three light conditions 
were used. These were a zero light condition 
with the fixation circle consistently at a bright- 
ness level of 2.050 ml., an increase in brightness 
of .015 ml., and an increase in brightness of .055 
ml. The latter two values were chosen on the 
basis of the data obtained from the 54 Ss used 
in the preliminary studies. Differential bright- 
ness thresholds were obtained on these Ss by the 
same technique used to determine the auditory 
thresholds in this experiment, a modification of 
the method of limits (5). Figure 1 presents the 
distribution of these thresholds expressed as 
AI/I. The ordinate is per cent frequency of 
occurrence of the thresholds. The brightness 
change of .015 ml. corresponds to log AI/I of 
—72.14, and from Fig. 1 it is seen that approxi- 
mately 38% of the thresholds fall below this 
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value. The increase of .055 ml. corresponds to 
the log AJ/I value of —1.57; approximately 
100% of the cases falling below this value. 

The minimal audible threshold for the 1000- 
cycle tone was measured by a modified form of 
the method of limits (5). Steps of 2 db between 
stimulus intensities were used. The threshold 
intensity of the tone for 50% response was re- 
corded in terms of db of attenuation. The raw 
data consisted of threshold values expressed in 
terms of the number of db of attentuation from 
a base tone which was measured at 55 db above 
the reference level of .0002 dynes/cm.? by means 
of a General Radio sound level meter Type 759, 
weighting position 4. The thresholds were cor- 
rected to the reference level by subtracting the 
raw thresholds from 55 db. A warning buzzer 
whose duration was 300 msec. preceded the tone 
(alone or with a light increase) by 1000 msec. 
A set of electronic timers permitted this temporal 
pattern to be rigidly followed. The duration of 
the tone was 2000 msec. 

Subjects and procedure-—The Ss, 18 men and 
18 women, were students in introductory psy- 
chology at the University of Wisconsin. For 
each S, nine thresholds for the tone were deter- 
mined, three for each level of the auxiliary light 
stimulus. The six permutations of the three 
levels gave the six sequences to each of which 
three Ss were randomly assigned. Thus, 18 Ss 
made up Group I operating under instructions 
to report the presence of the light as well as that 
of the tone. Another 18 Ss made up Group II, 
and they were instructed only to respond to the 
tone. Upon reporting for an experiment on 
auditory acuity, S was conducted to the experi- 
mental room. He was asked to be seated at the 
table and the following instructions were read: 


This is an experiment on auditory acuity 
as you know. First I want you to listen to 
a series of faint tones. Please place your 
chin on the rest and keep it there through- 
out the experiment. It is necessary to hold 
constant the position of your head with 
reference to the loudspeakers. The buzzer 
is a warning that a tone will follow. When 
the buzzer sounds, fixate the small gray 
circle with your eyes. This is also neces- 
sary to help you maintain a fixed orientation 
with respect to the loudspeakers. As soon 
as you hear the tone, let me know by saying 
“tone.” 


Five practice tones approximately 18 db 
above threshold were then given. If S was as- 
signed to Group II, no mention was made of the 
light stimulus. The £ simply left the experi- 
mental room and the threshold determinations 
were begun. If S was assigned to Group I, the 
following paragraph was read also: 


To be sure you are maintaining the fixed 
orientation, the fixation circle will some- 
times be lighted simultaneously with the 
sound of the tone. If you see the light, re- 
port it after you have reported the occur- 
rence or nonoccurrence of the tone. 


Then E left the room and the thresholds were 
measured. After the nine thresholds to the 
tone were obtained, E gave the following addi- 
tional instructions to S after first establishing 
whether or not the light had been noticed: 


I have taken all the auditory thresholds 
needed for the experiment, but I would like 
to get some additional data on the fixation 
light. When the buzzer sounds, look at the 
fixation circle and let me know whether or 
not you see it light up. Just say “light” 
or “no light” on each trial. 


Then E presented five zero light trials, five 
brightness increases of .015 ml., and five bright- 
ness increases of .055 ml. in a random order to 
S and these responses were recorded. 


RESULTS 


For each S there were nine thresh- 
old measures, three each for the zero, 
015 ml., and .055 ml. brightness in- 
creases. The median threshold for 
the zero light condition was taken as 
the zero sensation level for that S, i.e., 
his normal threshold of audibility. 
From this value each of the nine indi- 
vidual thresholds was subtracted to 
give the raw data in terms of sensation 
level. 

Separate analyses.—For purposes of 
easier computation, an arbitrary con- 
stant, 6, was added to each threshold 
expressed in terms of sensation level 
to eliminate negative numbers. 
These data*were entered into a multi- 
ple classification table, and separate 
analyses were made for each group as 
well as for the combined data. Table 
1 presents the results of the separate 
analyses for the two groups (10). 
The main effect concerned with the 
variation in brightness increases is 
referred to as light conditions in the 
table; sequence refers to the ways in 
which the light conditions were or- 





TABLE 1 


Summary oF Resutts or ANALYSES 
oF VARIANCE 














Group I Group II 
Source df 
ms F ms FP 

Light conditions 2} 8.50} 6.16**| 11.00] 11.22** 
Between no-light 

and two levels of 

ght 1} 15.00} 10.87**| 15.00) 15.31** 

Between levels of 

light 1} 2.00) 1.45 7.00] 7.14* 
Sequence 5} 11.06] 1.11 22.00} 3.88* 
Trials 2} 6.50) 4.71* 9.00} 9.18** 
Lxs 10} 13.70} 2.28* 5.20} 1.89 
LXT 4| 2.75) 1.99 1.50} 1.53 
SxXT 10} 2.70) 1.96 2.00} 2.04* 
LXSxXT 20} 2.15] 1.56 1.01} 1.03 
Ss within sequences| 12] 9.92] 7.19**| 5.67| 5.79** 
Ss XL 24) 6.00] 4.35**| 2.75) 2.81** 
Ss XT 24| 0.63} 0.46 1.04) 1.06 
Ss XLXT 48) 1.38 — 0.98 _ 
Total 161 




















* Significant at the 5% level of confidence. 
** Significant at the 1% level of confidence. 


dered; and trials refers to the first, 
second, or third thresholds for a given 
light condition. The interactions are 
designated by the first letter of the 
words describing the main variables, 
e.g., L X S designates the interaction 
of light conditions with sequence. 

For Group I, light conditions is sig- 
nificant above the 1% level of con- 
fidence. The mean deviations of the 
auditory thresholds from the zero 
sensation level for this group are 
0.00, .78, and .52 db for the zero, .015, 
and .055 ml. brightness increases re- 
spectively. The 2 df for the light 
conditions were broken down into a 
between no-light and the two levels of 
brightness increases with 1 df, and a 
between levels of brightness increases 
with 1 df. The comparison in the 
former case is one between the mean 
threshold for the zero light condition 
and the mean of the mean thresholds 
for the two levels of brightness in- 
creases, and is significant above the 
1% level of confidence. However, the 


comparison between levels does not 
yield a significant F. The effect of 
the instructions to this group, mention 
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of the light and requiring a report of 
it, is to raise the auditory threshold, 
but there is no significant differential 
effect on sensitivity for the two bright- 
ness levels. 

For Group II, light conditions is 
also significant above the 1% level. 
But examination of the mean devi- 
ations from the zero sensation level 
shows a completely different trend in 
the direction of change from that for 
Group I. The comparison of the 
group means is most clearly shown in 
Fig. 2. The solid line connecting the 
filled circles shows the relation be- 
tween mean deviations and light con- 
ditions for Group I. The broken line 
connecting the unfilled circles is for 
Group II. The mean deviations for 
the latter are —.06, —.46, and —.96 
db for the zero, .015, and .055 ml. 
brightness increases respectively. 
When the sums of squares for light 
conditions is broken down into those 
for the individual df, the difference 
between the no-light and two levels 
of brightness increases is significant 
above the 1% level, and the difference 
between levels of brightness increases 
is significant above the 5% level. For 
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Fic. 2. Group mean auditory acuity is 
plotted as a function of the magnitude of the 
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olds at the zero brightness change of the light 
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Group II, the effect of the auxiliary 
light stimulus has been to lower the 
thresholds, with a differential effect 
observed between the levels of bright- 
ness increases. 

For both Group I and Group II, 
the F for trials is significant. This 
indicates a practice effect, a decrease 
in the magnitude of the thresholds as 
successive thresholds were obtained. 
The effect is general since the inter- 
actions of trials by Ss within se- 
quences is not significant. Sequence 
in this design is not orthogonal to Ss. 
To test the significance of this vari- 
able, the mean square for sequence 
must be divided by the mean square 
for Ss within sequences since the 
latter source of variation is significant. 
For Group I, sequence is not signifi- 
cant; for Group II, itis. The signifi- 
cant Ss within sequences variation, 
above the 1% level for both groups, 
reflects the usual occurrence of in- 
dividual differences. However, not 
only was this source of variation pres- 
ent, but also different Ss reacted dif- 
ferently to the light conditions. The 
Ss within sequences by light condi- 
tions interactions for both groups is 
significant above the 1% level. 

Two other interactions were signi- 
ficant or very nearly so for both 
groups. These were the L XS and 
S XT. They reflect differential vari- 
ation in the light conditions and trials 
as a function of sequence, a type of 
practice effect. However, the use of 
the complete set of six sequences 
counterbalances this effect for the 
light condition means. 

Combined analysis.——Although the 
combined analysis presented in Table 
2 provides essentially the same results 
as those obtained from the separate 
analyses, it does permit the evaluation 
of the over-all effect of instructions 
on the group means. Since different 
Ss appear in the two groups, i.e., since 


TABLE 2 


Summary or Resutts or ANALYSIS OF 
VARIANCE FOR ComBINED DaTa 
rrom Groups I anp II 

















Source af ms F 
Groups (instructions) 1 | 70.00 | 8.99** 
Light conditions 2} 4.00} 3.39* 
Sequence 5 | 30.80 | 3.95** 
Trials 2 | 14.50 | 12.29** 
GXL 2} 15.50} 3.54* 
Gxs 5} 2.80] 0.36 
GXxT 2} 1.00} 0.85 
LxXS& 10 | 15.40 | 3.52** 
LXT 4} 1.50] 1.27 
SX T 10 | 2.40] 2.03* 
GxLxS 10] 3.50] 0.45 
GXLXT 4] 2.75 | 0.63 
GXSxXT 10} 2.30 | 0.30 
LXSXT 20} 1.25} 0.29 
GXLXSXT 20} 2.00] 1.69 
Ss within sequences 24| 7.79) 6.60** 
Ss X L 48} 4.38) 3.71** 
Ss X T 48 | 0.83 | 0.70 
SsxX LX T 96} 1.18 _ 
Total 323 














* Significant at the 5% level of confidence. 
** Significant at the 1% level of confidence. 


Ss are not orthogonal to groups (in- 
structions), we must use the mean 
square for Ss within sequences to test 
the effect of instructions. This F is 
significant at the 5% level of con- 
fidence. The F for the light condi- 
tions is significant at the 5% level, but 
it should be pointed out that in this 
analysis this effect represents the 
differences in the means for the light 
conditions summed over both groups. 
It is the interaction of groups by light 
conditions that describes the differ- 
ence with which we are primarily 
concerned. The F for this interaction 
is significant at the 5% level. This 
indicates a differential effect from one 
light condition to another as we move 
from one set of instructions to an- 
other. In this analysis, sequence, 
trials, the L X S interaction, and the 
S X T interaction previously observed 
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to be significant in the separate analy- 
ses are found to be significant. 

In the type of analysis carried out 
for these data, the light treatments, 
sequence, trials, and instructions were 
treated as separate factors. An anal- 
ysis involving the latin square prin- 
ciple also is possible since the six 
sequences of the light conditions rep- 
resent all permutations of these condi- 
tions. Thus, each light condition oc- 
curs once in each row and twice in 
each column. This type of analysis, 
described by Grant (7), was carried 
out for the separate groups, and the 
results are essentially the same as 
those already stated for the main 
effects. However, an analysis of this 
type permits the evaluation of an 
ordinal position effect. If we sum 
the threshold measures over trials and 
light conditions for the first, second, 
and third position of the sequence, we 
find for Group I the following mean 
values: +1.37, +.43, and —.50 db; 
and for Group II we find these means: 
+.04, —.39, and —1.13 db. The 
effect in both cases is one of lowering 
the auditory thresholds as ordinal 
position in the sequence increases. 
The F values for Group I (47.50/2.52 
= 18.85) and for Group II (18.50/ 
1.46 = 12.67) are both significant at 
the 5% level with 2/138 df. This 
finding corroborates the indication of 
a practice effect brought out by the 
significant effect of trials, and shows 
that not only is the effect present 
within a given light condition, but 
that it also extends over the whole 
series of threshold measures. 

The series of trials in which the light 
conditions were presented alone at the 
end of the threshold measures was 
obtained in order to evaluate roughly 
the degree to which it was an effective 
stimulus. As pointed out in the pro- 
cedure section the brightness values 
of the light stimulus were chosen on 


the basis of data obtained on a group 
of Ss similar to those used in the pres- 
ent experiment. It was expected 
that effectiveness of the brightness 
increases would vary from individual 
to individual, but inasmuch as a rela- 
tively large group of Ss was used, we 
would suppose that on the average, 
responses to the light would be com- 
parable from experiment to experi- 
ment. For the zero, .015, and .055 
ml. brightness increases we found the 
following percentages of reports: for 
Group I, 3.3, 36.6, and 87.7% re- 
spectively; for Group II, 15.5, 37.7, 
and 72.2% respectively. No attempt 
was made to analyze these results. 
Probably the most interesting feature 
of these results is the number of re- 
ports of brightness increase for the 
condition in which there was no 
change of the light. A possible ra- 
tionalization is that by the end of the 
experimental session a very strong re- 
sponse tendency was established and 
set off by the warning buzzer that 
preceded each stimulus presentation. 
This may represent another variety 
of sensory conditioning (1, 2). 


Discussion 


The results of the present experiment clearly 
substantiate the hypothesis that an auxiliary 
contiguous light stimulus decreases sensitivity 
to a 1000-cycle tone when S is instructed to re- 
port the presence of the light as well as the tone, 
and increases sensitivity to a tone when S is not 
required to report on the presence of the light. 
In the latter case, the degree of facilitation of 
auditory acuity increased as the brightness 
change of the light was increased from .015 to 
.0S5 ml. The magnitude of the decrement in 
auditory acuity was not found to be different 
for the two conditions of brightness change. 

Although there is a clear distinction between 
the two sets of instructions that produced 
facilitation on the one hand and inhibition on the 
other, it is difficult to give a more precise state- 
ment of the variable or variables concerned, 
particularly with respect to how these conditions 
were maintained for the duration of the experi- 
mental session. No gain in precision is made by 














AUDITORY SENSITIVITY 185 


stating that the two kinds of instructions pro- 
duced two different “sets,” one of which is re- 
sponsible for facilitation and the other for in- 
hibition. Hartmann’s (8) proposition that an 
auxiliary heteromodal stimulus when focal 
inhibits sensitivity to the main stimulus and 
when marginal facilitates the main stimulus is a 
general statement that may describe the differ- 
ence between our two kinds of instructions. It 
adds no more to our knowledge of these kinds of 
intersensory effects than does use of the concept 
of set. 

Obviously, the instructions produce two dif- 
ferent classes of behavior in the Ss, behavior 
that persists for the duration of the experimental 
session, and in one case facilitates auditory acuity 
and in the other case inhibits auditory acuity. 
Our only measurement of the difference in be- 
havior is in terms of the Ss’ report of the light 
and the frequency with which they report the 
tone at the different db levels. Both groups of 
Ss oriented to the fixation circle at the sound of 
the warning buzzer, and it is likely that, because 
of the different instructions, some response 
evoked by the buzzer is differential for the two 
groups. Our experimental procedure did not 
provide for direct observation of the Ss during 
the experiment, and discussion with the Ss at the 
close of the experiment did not indicate that 
they were aware of any such responses. There- 
fore, we have no clue as to the nature of such re- 
sponses, assuming that they did occur. One 
could speculate in terms of responses that provide 
for orientation to visual and auditory stimuli, 
or for increments or decrements in general bodily 
tonus. It is also possible that responses pri- 
marily neural in nature are involved and that 
interactions of these responses within the 
nervous system provide the basis for distin- 
guishing the phenomena of facilitation and in- 
hibition of auditory acuity. 

Perhaps a more fruitful approach toward a 
more precise definition of the conditions of the 
phenomena will be obtained by considering the 
function of the magnitude of the brightness 
change of the auxiliary light stimulus. The 
two degrees of brightness change used in the 
present experiment were small and were in the 
neighborhood of the magnitude of the DL. 
Further experimentation should be directed to- 
wards increasing both the number and the range 
of brightness values for the. accompanying light 
stimulus. It is reasonable to expect that the 
magnitude of the facilitation of auditory acuity 
will be affected by extension of this variable, and 
it is possible that the magnitude of the inhibitory 
effect might be affected also. With marked 
increases in the brightness of the visual stimulus, 
the differential effect of instructions on auditory 
acuity might disappear. Since responses to 


intense stimuli are more likely to occur than are 
responses to weak stimuli, other things being 
equal, a progressive decrement in auditory acuity 
might be obtained as a function of increasing the 
brightness of the visual stimulus. An important 
parameter in these hypothetical relationships is 
the degree of practice by S in auditory thresh- 
old determination. Our data show a significant 
effect on auditory acuity both for trials and 
ordinal position of brightness of the auxiliary 
visual stimulus, Increasing the amount of 
practice, that is, the number of auditory thresh- 
olds taken for each S, might to some extent 
counteract the effects on auditory acuity that 
have been hypothesized for increments to the 
brightness of the visual stimulus. Experiments 
involving these two variables represent the next 
step in analyzing the intersensory effects that 
have been demonstrated in the present experi- 
ment. 


SUMMARY 


Auditory thresholds were meas- 
ured under three conditions of auxili- 
ary visual stimulation. <A small light 
patch was fixated by S and increases 
in the brightness of the patch of zero, 
015, and .055 ml. were used. For 
each S three auditory thresholds were 
determined for each of these light 
conditions. One group of 18 Ss re- 
ceived instructions to report the pres- 
ence or absence of the light as well as 
that of the tone; another group of 18 
Ss made no specific response to the 
light and were instructed to report 
presence or absence of the tone only. 
The results showed a significant 
elevation of the auditory thresholds 
for the light increases when a specific 
verbal response was required to the 
auxiliary stimulus and a significant 
lowering of the thresholds as the 
brightness of the light increased, when 
no response to the auxiliary stimulus 
was required. 


(Manuscript received June 4, 1951) 
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THE PERCEPTION OF OBSTACLES BY THE DEAF 


PHILIP WORCHEL AND JOE H. BERRY 
University of Texas 


A series of controlled experiments at 
the Cornell Psychological Laboratory 
(2, 3) leads to the conclusion that audi- 
tory stimulation is both a necessary 
and sufficient condition for the per- 
ception of obstacles by the blind. 

Because this conclusion from the 
deaf-blind (3) was based upon the per- 
formance of only ten Ss whose handi- 
caps and ages (range from 34 to 55 yr., 
mean 45.9 yr.) make them a rather 
unique group, it was deemed advisable 
to extend the experiment. The cru- 
cial point in the procedure involved 
the determination whether the Ss 
could learn to perceive a movable ob- 
stacle under laboratory conditions (3). 
Obviously, Ss blind from birth or 
blind for at least 25 yr. who had not 
learned to perceive obstacles could not 
be expected to do so under the limited 
time allowed in the laboratory. Hab- 
its interfering with acquisition of this 
“obstacle-sense” could not be elimi- 
nated in a brief time, and thus factors 
other than the absence of hearing 
might have been responsible for their 
inability to learn to perceive obstacles. 
In addition, the findings should be 
confirmed under conditions usual to 
the blind, since an S tested indoors 
might receive cues not present out- 
doors or be deprived of cues usually 
present in the blind S’s environment. 

Thus it is desirable to repeat the 
crucial learning experiment of Wor- 
chel and Dallenbach (3) under outdoor 
conditions with a group of young Ss 
who are not blind. Seeing-deaf per- 
sons with normal external meatuses 
and tympanums meet these condi- 
tions. By blindfolding these Ss we 
are able to approximate the conditions 
of the deaf-blind. 


METHOD 


The experiment was performed on a concrete 
walk 60 ft. long and 6 ft. wide. The walk is situ- 
ated on a plot of ground which is located approxi- 
mately 50 ft. from a heavily traveled highway, 
and 30 ft. higher than the road. The walk lies 
in a perpendicular direction to the highway. It 
is bordered on both sides by grass; and large oak 
trees occupy the surrounding area. Some 200 ft. 
away is a school building. 

A considerable amount of noise was present 
in the experimental area. From across the 
street pneumatic drills, electric saws, and other 
such noises associated with building activity 
could be heard periodically. Half a block away 
cars and especially huge moving vans created a 
tremendous amount of noise stopping and start- 
ing atastoplight. The intensity of sound in the 
area was recorded over a period of eight days by 
a Type 759 Sound Level Meter (General Radio 
Company), and was found to range from 32 db 
during quiet periods to 68 db when moving vans, 
city busses, cars, etc., were prevalent in the area. 
The average intensity over the eight-day period 
was 46.8 db. 

The experiment was conducted at two periods 
of the day: in the morning from 9:00 to 12:00, 
and in the afternoon from 2:00 to 5:00. Asa 
rule, Ss served at both times of the day, though 
in several cases they were tested only at one pe- 
riod. When S served at only one period, the 
experimental hour was arranged so that he would 
be tested during the same time each day. 

A series of 30 trials was given to each S during 
each experimental period every day except Sun- 
day. These trials were continued until S gave 
25 reports in any one series without coming into 
contact with the obstacle. In no case was the 
number of series extended beyond seven (210 
trials). 

Apparatus.—In all series the obstacle was a 
}-in. masonite board which was 4 ft. wide and 4 
ft. 10 in. high. This board was attached to a 
frame made of }-in. by 1}-in. oak wood. The 
frame was mounted on 1}-in. rollers so that the 
obstacle could be mobile. When the board was 
mounted on this frame, its lower edge was 2 ft. 
above the floor. 

The blindfold used was a pair of blackened 
U. S. Navy Variable Density Goggles. These 
goggles fit snugly to the face, and possess a knob 
which protrudes from them. In case of collision, 
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the knob is long enough to protect the face, and 
sO act as a convenient shock absorber. 

Audiograms were obtained on all Ss with a 
Western Electric portable 6BP audiometer. 
This particular instrument emits frequencies be- 
tween 100 and 10,000 cy./sec., and is calibrated 
in the following frequencies: 128, 256, 512, 1024, 
2048, 4096, 8192, 9747, and 10,000 cy. Half- 
octaves and quarter-octaves are also indicated. 

Subjects.—Arrangements were made with 8 
males and 7 females to serve in the study. Ten 
with hearing deficiencies were selected from the 
students at the Texas State School for the Deaf. 
The other five had normal hearing or better and 
were students at the University of Texas. The 
Ss had no knowledge of investigations in ob- 
stacle perception. 

A summary of the physical conditions of the 
deaf Ss is given in Table 1. 

The two Ss lacking vestibular function could 
not stand on one foot for 30 sec., and when ro- 
tated in a conventional rotation chair, they 
failed to exhibit the behavior which normally 
characterizes semicircular canal stimulation. 

If the meatuses and tympanums are capable 
of being stimulated by air and sound waves, they 
would be stimulated in all these Ss. 

Procedure.—Each day when S reported to the 
experimental area he was given a copy of in- 
structions to read. After he had thoroughly 
familiarized himself with what he should do, he 
was blindfolded, led about the experimental area 
to disorient him, and then placed at one of the 
various predetermined starting points. 

The edge of the walk was chalked off in feet 
from zero to 48 ft. The S would be placed at 
points 0, 3, 6, 9, or 12 ft. from the zero mark on 
the walk; and the obstacle was placed at dis- 
tances of 6, 12, 18, 24, 30, or 36 ft. from S. The 
starting points and the obstacle distances were 
both varied from trial to trial. The haphazard 
order of the 30 trials was the same for all Ss dur- 
ing any one day, but varied from day to day. 
Every position was used as often as every other 
in any one series. 

There are several reasons for using a movable 
obstacle. Previous experiments, especially the 
1944 investigations (2), indicated that so long as 
S approached a fixed obstacle, the unevenness of 
the floor (or walk) may aid in locating the ob- 
stacle. The S soon learned the location of the 
various cracks and irregularities of the path, and 
from his familiarity with the path he could tell 
approximately how far he was from the fixed ob- 


1The cooperation of Mr. O. L. McIntyre, 
principal of this school, in allowing us the facili- 
ties of the school and in acting as interpreter 
between E£ and the deaf-mute Ss, is gratefully 
acknowledged. 
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stacle. With this information, S could then 
estimate the distance through which he walked 
and stop just short of colliding with the obstacle. 
By using a movable obstacle, Ss could not possi- 
bly ascertain the obstacle’s position by second- 
ary cues from the walk. 

After being thoroughly disoriented, S was 
placed at the designated starting point facing 
the obstacle. At a tap on the left shoulder, he 
walked toward the obstacle. When he per- 
ceived the object (first perception), he stopped 
momentarily and raised his right arm. He then 
lowered his arm and continued walking until he 
was as close as he thought he could get without 
touching it (final appraisal). At this point he 
raised his left arm. The distance from the ob- 
stacle to the point where S indicated his first 
perception was measured to the nearest foot. 
The distance at which S reported he was as close 
to the board as possible was measured to the 
nearest 3 in. After the completion of a trial, S 
was again walked by £ in a circuitous route on 
the grass to disorient him, and once again he was 
placed on a new starting point. At the same 
time, an assistant moved the board to a new posi- 
tion. To avoid any constant cues in moving Ss 
and placing them on the starting points, E and 
the assistant traded functions from day to day. 

Early in the series of experiments we noticed 
that if the obstacle happened to be located be- 
tween S and the sun, S invariably signaled a per- 
ception when he came within the shadow cast by 
the obstacle. This secondary cue was obvious. 
When S walked into the shadowed area on a hot, 
sunny day, the change to a cooler temperature 
was easily detected. To eliminate this cue, he 
was always placed between the sun and the 
obstacle. 














TABLE 1 

Puysicat Conpitions or Dear Ss 
Per Cent Hear- 

s Age at ing Loss 

(years) | Deafness 

Left Right 
DA 21 2 52 52 
BC 17 congen. 38 32 
EC 18 1-2 60 45 
JE* 16 11 100 100 
WF 17 congen. 68 48 
BG 21 congen. 62 68 
MH 19 congen. 100 100 
PH* 18 5 100 100 
ML 17 congen. 49 49 
JM 20 2 40, 45 

















* These Ss had no vestibular sensitivity; all others 
had normal vestibular sensitivity. All Ss had normal 
external ears. 
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TABLE 2 


Mean Distance (1n Feet) or “First Perceptions” anp “Finat APPRAISALS” AND MEAN 
NumBer or Co.uisions 1n Eacu Series or 30 Triats ror Dear 
(N = 10) anp Hearinc (N = 5) Ss 








Series 





Ss Report 1 2 











First perception (p)| 7.26) 3.87 | 7.57| 4.27 
Final appraisal 6.77| 3.22 | 7.12) 3.56 
Deaf Collisions 
Before (p) 20.8 | 8.48 | 16.2 | 9.23 
After (p) 4.2 | 3.71 6.8 | 5.65 
First perception (p)| 9.57] 1.72] 9.80) 2.66 
Final appraisal 3.22} 1.67| 1.85} .83 
Hearing | Collisions 
Before (p) 0.6 491 0 — 
After (p) 5.0 |2.76| 1.8 | 1.32 
































6.64) 3.66} 6.08) 4.11] 7.63) 4.14] 8.05 | 3.33] 8.64/ 2.43 
5.87| 2.96] 5.14) 2.82) 6.33) 3.72) 6.19 | 2.87] 6.91] 3.63 

15.8 | 7.34] 14.3 | 7.81) 13.0 | 7.95] 9.9 | 5.66] 10.6 | 7.58 
5.8 | 4.17) 5.1 | 3.86) 5.5 | 4.79} 6.6 |3.97| 5.4 | 4.17 
7.95) 94 Pre 
90) .47 

0 _ 

1.6 | 1.74 
































In order to facilitate learning as much as pos- 
sible, the following rules of procedure were uti- 
lized: (a) punishment—S was not prevented from 
colliding with the obstacle; (b) reward—if S’s 
appraisals were 3 ft. or less from the obstacle, he 
was praised by a pat on the back, or E would 
take S’s hands and form the manual sign for 
“good”; (c) withholding reward—whenever ap- 
praisals were more than 3 ft. or the performance 
was much poorer than previous ones, praise was 
omitted; (d) knowledge of results—after every 
perception, S was led up to the obstacle so that 
he could know the amount of his error; (e) 
knowledge of task to be completed—during the 
latter half of the experimental period, S was in- 
formed from time to time of the number of trials 
yet to be made; (f) avoiding fatigue—care was 
taken to insure that S was not exhausted during 
the trials of an experimental hour. 

Instructions —When S arrived at the experi- 
mental area, a typewritten copy of the instruc- 
tions was given to him to read and study. These 
instructions were the same as used in the Worchel 
and Mauney (4) study on the blind. 

The wording of these instructions was given 
careful consideration for the vocabularies of most 
of our Ss were extremely limited. We endeav- 
ored to use the simplest terms possible. The S 
was allowed to read the directions thoroughly; 
then E went over each sentence with S and, 
where necessary, demonstrated in pantomime 
what was expected of him. 


RESULTS 


Tables 2 and 3 show the mean dis- 
tance and SD of the first perceptions 
and final appraisals for every series of 


30 trials and for every starting posi- 
tion, respectively, and the mean num- 
ber of collisions with the wall, divided 
according to whether they occurred 
before or after the first perceptions.” 

Collisions —For our deaf Ss colli- 
sions with the obstacle were frequent, 
ranging from 83 (40% of the trials) 
to 209 (99.9%). Five Ss collided 
with the wall in more than 74% of the 
trials. Most of the collisions occurred 
prior to the first perception. Colli- 
sions occurring before the first per- 
ception indicate a lack of “obstacle- 
sense.” Of course, if all these colli- 
sions occurred at the beginning of the 
learning series, and few, if any, toward 
the end of the series, then we might 
conclude that learning had occurred. 
This is not the case, however, since 
the mean number of collisions before 
“first perception”’ in the last series was 
almost double the mean number of 
collisions after the first perception. 
None of our deaf Ss attained the cri- 
terion of five or fewer collisions in any 


? Data for the individual Ss in this experiment 
may be procured from the American Documenta- 
tion Institute, 1719 N Street, N. W., Washing- 
ton 6, D. C., by ordering Document 3561, remit- 
ting $1.00 for 35 mm. microfilm or $1.05 for 6 x 8 
in. photocopies. 
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TABLE 3 


Mean Distance (1n Feet) or “First Perceptions” anp “Fina APPRAISALS” AND MEAN 
NumBeEr oF Co.tuisions ror Every Srartinc Position ror Dear 
(N = 10) ann Hearinc (N = 5) Ss 








Starting Distances from Obstacle (in Feet) 






























































Ss Report 6 12 18 24 30 36 
Mean} SD | Mean| SD | Mean} SD | Mean| SD | Mean| SD | Mean} SD 
First perception (p)| 1.84] 0.43] 2.82] 1.03} 5.40} 2.14) 6.93) 2.61] 10.17] 3.32] 13.81) 4.42 
Final appraisal 0.99] 0.59] 1.36|0.91) 4.08] 1.74] 4.96] 2.03) 7.88} 2.60] 10.32) 4.01 
Deaf Collisions 
Before (p) 23.6 | 6.21) 21.0 | 8.01] 18.0 | 8.96} 14.9 | 8.20} 12.1 | 7.95} 11.1 | 9.03 
After (p) 5.5 | 3.76) 6.5 |2.75| 7.3 |4.00] 6.6 | 4.58) 7.0 | 4.92) 6.5 | 4.21 
First perception (p)} 3.31] 1.24] 5.30) 1.69} 7.00] .96) 11.60} 2.73) 12.41] 3.32) 15.04) 2.21 
Final appraisal -64/0.22| 1.02} 1.52} 1.36} .55} 2.08} 1.10} 2.95) 1.89} 3.12) 1.74 
Hearing | Collisions 
Before (p) 0.2 |0.97| 0 —|0 — | 0.2 |0.97} 0.2 |0.97| 0 a 
After (p) 2.2 | 1.33} 2.6 | 1.01] 1.2 | 1.02) 1.4 |0.80} 0.6 {0.80} 1.4 |0.73 
one series. When the collisions are sions decreased throughout the learn- 


distributed according to the starting 
position (Table 3), the largest number 
is found to occur among the trials from 
the 6-ft. position and the smallest 
number from the 36-ft. position. Out 
of 35 trials at every starting position, 
from shortest to longest, the mean fre- 
quencies of collision for the deaf Ss 
were 23.6, 21.0, 18.0, 14.9, 12.1, and 
11.1. It would be ridiculous to as- 
sume that our deaf Ss possessed the 
ability to perceive obstacles and that 
this ability functions best when the 
Ss start far away from the obstacle 
and poorest or not at all when they 
start close to it. A more tenable in- 
terpretation is that our deaf Ss were 
guessing, and by chance alone, they 
would collide more frequently with 
the wall at the shorter starting dis- 
tances and less frequently at the 
longer, and by chance alone the fre- 
quency of collisions would vary in- 
versely with distance. 

The mean number of collisions for 
the deaf Ss, however, does show a 
progressive improvement during the 
experiment, for the number of colli- 


ing series. Table 2 shows that from 
the first to the last series of trials, on 
the average, the deaf Ss collided with 
the obstacle 20.8, 16.2, 15.8, 14.3, 
13.0, 9.9, and 10.6 times before the 
first perception. A reduction in the 
number of collisions can occur if S 
merely learns that he can avoid hitting 
the obstacle by stopping sooner. A 
more rigorous criterion than number of 
collisions is required as evidence of 
the perception of obstacles. As noted 
earlier, in almost every series, the 
collisions before “first perception” 
were double the mean number of col- 
lisions after “first perception,” that 
is, S had no perception of the obstacle 
at all in these trials. 

The performances of the hearing Ss 
who served under identical conditions 
as the deaf Ss present an entirely dif- 
ferent picture (Table 2). No more 


than three series were required to at- 
tain a criterion of 25 successes in 30 
trials. The maximum number of col- 
lisions was 14 for one S; the mini- 
mum was 5, for another S. None 
of the Ss gave any collisions before the 
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first perception in the second or last 
series. When the collisions are dis- 
tributed according to the starting 
points (Table 3), we find no such rela- 
tionship as was found with the deaf 
Ss. Collisions are distributed ran- 
domly throughout the various dis- 
tances. For almost all the hearing Ss 
there is a sudden drop in the number 
of collisions after the first series. The 
mean number of collisions after the 
first perception dropped from 5.0 in 
the first series to 1.8 in the second and 
1.6 in the third series. There were no 
collisions before “first perception” in 
the second and third series. 

First perceptions.—The SD’s of our 
deaf Ss’ mean “first perceptions” show 
considerable variation from series to 
series. For our hearing Ss, there is 
much less variability from S to S. 
Individual differences are certainly 
expected, but it is rather surprising 
how little these differences are for the 
hearing Ss. Also, for both the hear- 
ing and deaf Ss, the mean distance for 
the “first perception” increases as the 
starting distances increase (Table 3). 
This may be explained by the fact 
that with more distance, S can per- 
ceive the obstacle sooner or he guesses 
at the “first perception.” The latter 
hypothesis is more tenable for our deaf 
Ss because of the large variation noted 
from series to series and the large num- 
ber of collisions before first perception. 

Final appraisals —The mean “final 
appraisals” for the deaf Ss in the seven 
series of trials are all large, varying 
from 5.14 ft. to 7.12 ft. This is the 
point where the deaf S approached the 
wall “as closely as possible without 
touching it.” This certainly is not 
evidence for the ability to perceive 
obstacles. These results might mean, 
however, that the Ss possessed the 
ability to perceive the obstacle, but 
in alow degree. Even this conclusion 
does not seem warranted because the 


SD’s are extremely high, varying from 
2.82 ft. to 3.72 ft. Also, if learning 
occurred, the averages of the final ap- 
praisals would decrease with practice, 
but this is not evident. Examining 
the results from series to series, we 
note some fluctuations, but, in general, 
no change in the ability to get “as 
close to the obstacle as possible with- 
out touching it.” For example, from 
the first to seventh series successively, 
the mean final appraisals were 6.77, 
7.12, 5.87, 5.14, 6.33, 6.19, and 6.91 
ft. The fractionation of the data and 
the separate computation of the aver- 
ages for every starting point reveal 
(Table 3), as with the number of colli- 
sions, that the distance of the “final 
appraisals” from the obstacle in- 
creased with the distance at which S 
started walking toward the obstacle. 
From the 6-ft. to the 36-ft. distance, 
the mean final appraisals were .99, 
1.36, 4.08, 4.96, 7.88, and 10.32 ft. 
These facts indicate that the deaf Ss 
did not possess the ability to perceive 
the obstacle, and whatever percep- 
tions were reported resulted from 
guessing. ‘This is consistent with the 
findings of the earlier study with deaf- 
blind Ss (3). 

The results of the hearing Ss are 
strikingly different from those of our 
deaf Ss. For every hearing S there is 
a consistent decrease in the average 
“final appraisals” from the first to the 
last series (Table 2). The mean for 
the hearing Ss on the third series 
(.90) is obviously reliably lower than 
the mean for the deaf Ss on their 
seventh and last series (6.91). A 
fractionation of the data and separate 
computation of the averages for every 
starting point (Table 3) reveal, how- 
ever, that the final appraisals for our 
hearing Ss increased with the distance 
at which the Ss started walking to- 
ward the obstacle. 

These results would apparently 
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lead us to reject the conclusion that the 
hearing Ss learned to perceive the ob- 
stacle. The fractionation of the data 
as presented in Table 3, however, in- 
cludes all the data from the first 
through the last series. If in only one 
series, the “final appraisals” are per- 
fectly correlated with the distance at 
which S started walking toward the 
obstacle, then, even though all the 
other series show zero correlation, the 
lumping together of all the “final ap- 
praisals” will result in a perfect rela- 
tionship with starting points. Thus 
it is probable that during the early 
trials, the Ss, by chance alone, would 
stop farther away from the obstacle 
to report a final appraisal when the 
obstacle was set at the greater dis- 
tances. That this is true is shown by 
the mean “final appraisals” of the 
first and last series. In the first 
series, the mean “final appraisals”’ for 
the hearing Ss are almost perfectly 
correlated with the starting points, 
that is, from the 6-ft. position to the 
36-ft. position, the mean final ap- 
praisals are .75, 1.16, 2.14, 3.43, 4.31, 
and 6.96 ft. In the last series there 
is no such relationship: .41 ft. at 6 ft., 
58 ft. at 12 ft., 1.00 ft. at 18 ft., 
93 ft. at 24 ft., 1.07 ft. at 30 ft., and 
1.15 ft. at 36 ft. 


S’s comments and behavior —During the course 
of the experiment and after completion of each 
series, Ss were frequently questioned regarding 
the basis of their reports, and their overt be- 
havior was closely observed. Most of the deaf 
Ss replied to questions by “do not know,” 
“can’t tell where board is,” or “just a guess.” 
All normal Ss showed considerable insight into 
the basis of their “final appraisals,” but several 
could not explain how they made their “first 
perceptions.” Several also reported a peculiar 
sensation of “blackness” as they approached the 
obstacle. 

All normal Ss exhibited the same general type 
of behavior during the experiment and reported 
the use of auditory cues. They stamped and 
scraped their feet vigorously as they walked, in 
an effort to make as much noise as possible. 


Generally, they took several steps, stopped and 
stamped, then took several more, and stopped 
and stamped again. At the same time they 
listened for “changes in the quality of sounds.” 
One S (LB) snapped his fingers in addition to 
stamping. Another S (JD) stamped his feet as 
soon as he was led up to the starting position, 
and frequently made “first perceptions” without 
taking a step. Occasionally, the noise made in 
leading these two Ss up to the starting position 
was sufficient for them to detect immediately 
the obstacle’s presence. When they felt that 
the board was near, they stamped from one side 
of the path to the other. One of these Ss (LB) 
stated that he could hear “a change in the sound 
of the echo” as he stamped past the side of the 
obstacle. All normal Ss stopped walking when 
they felt that they were near and, instead, began 
to tap the right foot. At the same time they 
moved the foot slowly forward until it extended 
beneath the obstacle. This tapping generally 
enabled them to make “final appraisals” within 
inches of the board. 

There was some disagreement over the type 
of change in the sound that occurred as the 
board was approached. According to Subject 
LB, “the echo comes back faster as I get closer 
to the board and it also gets louder. When I 
stamp to one side of the board and when the foot 
is extended beneath it, I no longer hear the 
echo.” Subject JD said, “I hear more vibrations 
as I get nearer the board and the intensity of the 
sound increases. When my foot goes under the 
board, the sound disappears. Thatis, it sounded 
almost like when I started.” Subject DT 
seemed to think that the sound became “higher” 
as he approached the obstacle, and that when he 
tapped his foot beneath the board the sound 
changed toalowthud. Subject MZ agreed that 
the sound changed, but he could not describe the 
nature of the change. At the beginning of the 
experiment Subject HH stated that “you feel 
the change (of sound) in your face. It is as 
though a pressure were being exerted on my face, 
and at the same time things get blacker and 
darker.” Near the close of the experiment, 
however, she was more under the impression that 
she “heard the difference in sounds.” The 
sensation of “blackness” and the “feeling of 
being closed in” are possibly associative factors 
based upon the change in the quality of sound 
which had come to signify an obstacle. These 
experiences were persistent in normal Ss and 
were not reported by deaf Ss. All normal Ss 
complained of the noise made by passing auto- 
mobiles and children playing on the school 
grounds. Apparently the only auditory cues 
utilized were those produced by the Ss them- 
selves. 
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Discussion 


The second Cornell investigation 
with deaf-blind Ss dealt with the cru- 
cial problem of determining whether 
the aural mechanisms found to be the 
basis of obstacle perception in the 
first Cornell study were auditory or 
cutaneous (3). The conclusions of 
this second investigation were based 
upon a select group of extremely 
handicapped Ss, and it was felt by the 
present investigators that the labora- 
tory conditions imposed upon these 
Ss might have made it difficult for any 
obstacle perception to be displayed. 
The present experiment dealt with a 
much younger heterogeneous group of 
individuals possessing varying de- 
grees of deafness. No experimental 
limitation was placed upon the condi- 
tions under which the learning series 
was administered. With these ex- 
tensions, the performances of our deaf 
Ss were very similar to those of the 
deaf-blind Ss used in the earlier in- 
vestigation. The average distances 
of the first perceptions of our deaf Ss 
varied directly with the distance of 
the starting points—a result similarly 
obtained with the deaf-blind Ss. The 
SD of the means of our deaf Ss’ first 
perceptions followed a similar trend— 
as with the deaf-blind Ss. 

The average distance of Ss’ “final 
appraisals” was measured in feet 
even after 210 learning trials. It may 
be that outdoor conditions present 
many more confusing cues than a 
laboratory and make it more difficult 
to learn to perceive the obstacle. 
With more practice, perhaps, the 
“final appraisals” might be smaller. 
The fact, however, that these “final 
appraisals” varied directly with the 
distance of the starting points, and 
that this correlation holds even in the 
last series for the two Ss on whom 
there were sufficient data to draw any 


conclusions, suggests that learning to 
perceive the obstacle was not evident. 
The variations of the averages of our 
Ss’ “final appraisals” show no im- 
provement with practice, a result 
obtained with the deaf-blind Ss. The 
collisions varied in number with the 
distance of the starting points, and in 
no case was the criterion of 25 suc- 
cesses in 30 trials obtained. 


Almost all Ss reported at various times that 
they were guessing. Only the results of one deaf 
S were not as clear-cut and consistent as the other 
deaf Ss. This S (EC) gave some evidence of 
learning in the decrease in the average final ap- 
praisal and in her general behavior, but she re- 
ported “hearing something sometimes.” An 
examination of her audiogram reveals a loss of 
15 db at 10,000 cy. in the right ear. Her per- 
formance is certainly in accord with the conclu- 
sions of Cotzin and Dallenbach (1). Using pure 
tones, they found that the frequencies responsible 
for the perception of obstacles are those above 
8000 cy. It is entirely possible that when she 
did hear she did perceive the obstacle. This 
interpretation may easily explain her erratic 
performance but consistent improvement. If 
the intensity of sound present in the area was 
sufficient for her to hear all the time, her per- 
formance might well have indicated her ability 
to perceive the obstacle. 


One might still suggest that the con- 
ditions under which the experiment 
was performed were such that learning 
to perceive obstacles was impossible, 
and thus the investigation was prej- 
udiced towards a particular hypothe- 
sis. Under identical conditions, how- 
ever, a group of hearing Ss learned in 
comparatively very few trials to per- 
ceive the obstacle. The results of this 
group stand in opposition to those of 
the deaf Ss. Every hearing S reached 
criterion. Consistent improvement 
occurred in the SD’s of the “first per- 
ceptions” and “final appraisals.” 
The averages of the “final appraisals” 
in the last series were approximately 
the same for all starting points. It is 
true that our hearing Ss gave slightly 
larger “final appraisals” than those 
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Ss who demonstrated in the Supa, 
Cotzin, and Dallenbach study (2) 
their ability to perceive obstacles. 
This is probably due to the presence 
of so many more confusing cues in the 
outdoor environment, such as wind, 
temperature changes, odors, distract- 
ing noises, and with further practice 
S might very well disregard these 
extraneous cues. 


SUMMARY AND CONCLUSIONS 


In order to determine whether the 
perception of obstacles under normal 
outdoor conditions requires auditory 
stimulation, ten deaf subjects and five 
with normal hearing were given 30 
trials daily in the perception of a 
movable obstacle. These series were 
continued until S gave 25 reports in 
any one series without coming into 
contact with the obstacle. In no case 
was the number of series extended be- 
yond seven (210 trials). The results 
of the study lead to the following con- 
clusions: 


1. Deaf Ss are incapable of learning 
to perceive the obstacle. 

2. All normal hearing Ss learned to 
perceive the obstacle. 

3. Audition is a necessary condition 
for the perception of obstacles by the 
blind. 


(Manuscript received June 27, 1951) 
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FREQUENCY OF USAGE AS A DETERMINANT OF 
RECOGNITION THRESHOLDS FOR WORDS? 
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University of California 


The tachistoscopic presentation of 
words has been used in attempts to 
detect the role of personality variables 
in perception. In general, the pro- 
cedure has been to present printed 
words, drawn from various relevant 
“meaning” classes, for very short pe- 
riods of exposure; the S’s task is to 
identify the words. Recognition 
thresholds are determined by increas- 
ing either the duration of exposure or 
the intensity of illumination. These 
thresholds have been considered to be 
an index of perceptual sensitivity or 
ease of recognition for the stimuli. 
The thresholds have also been inter- 
preted as measures of the amount of 
“stimulus material” necessary for 
elicitation of the correct response. 

The results of such experiments 
have lent ‘some support to the view 
that personality variables may be sig- 
nificant determiners of perceptual 
sensitivity to visually presented ver- 
bal stimuli. The demonstrable effects 
of such factors are not large in absolute 
terms but often appear to be internally 
consistent and statistically reliable. 
Evidence has been presented for the 
selective effects of personal values and 
needs on perceptual sensitivity as 
measured in the tachistoscopic situ- 
ation (6,7, 11, 12,16). It has also 
been suggested that words which may 


1 Parts of this research were supported by the 
Laboratory of Social Relations, Harvard Uni- 
versity. Other parts were carried out at the 
University of California. 


arouse anxiety because of their emo- 
tional connotations have significantly 
higher thresholds than neutral words 
(8). There is, however, some evi- 
dence that anxiety arousing stimuli 
may have lower thresholds than 
words to which S is indifferent (2, 5). 


It is important to ask to what extent the ap- 
parent effects of complex personality factors 
reduce to the operation of basic psychological 
variables of wider generality. Ina related series 
of experiments (3, 12,13, 14) an attempt has 
been made to explore systematically some of the 
variables whose contribution must be taken into 
account in analyzing the effect of personality 
factors on recognition thresholds. Since the 
tachistoscopic studies of word recognition in- 
volve the presentation of verbal stimuli and the 
elicitation of verbal responses, these experiments 
concentrated on variables which have been 
shown to be extremely important in the psychol- 
ogy of verbal learning. Specifically, they have 
considered the effects of frequency and recency 
on the probability of occurrence of verbal re- 
sponses in the presence of tachistoscopically 
exposed verbal stimuli. Howes and Solomon 
(3) have shown that when word length, word 
structure, and practice effects are roughly con- 
trolled or held constant, a very powerful correlate 
of the visual recognition thresholds for words is 
the relative frequency with which a word is used 
in the English language. Using the Thorndike- 
Lorge word counts (15) as an index of relative 
frequency of occurrence, these Es found that 
visual duration thresholds for tachistoscopically 
presented word stimuli seem to approximate a 
linear, inverse function of the logarithm of fre- 
quency of usage. The correlations between the 
thresholds and relative frequency of occurrence 
of words were found to range from .60 to .90, 
dependent upon the attendant experimental con- 
ditions. 

The variable of word frequency had not been 
taken into account in previous experiments re- 


195 











196 RICHARD L. SOLOMON AND LEO POSTMAN 


lating recognition thresholds to such factors as 
personal value (11). Solomon and Howes (14) 
showed that a very considerable amount of the 
variance attributed to personal value could be 
accounted for in terms of the frequency variable. 
Postman and Schneider (12) confirmed these 
findings. The question is still open whether the 
residual effects of value, interest, and so forth, 
can be reduced to individual S’s deviations from 
the frequency of word usage in the general 
population. 

Howes and Solomon (4) applied a similar 
critical analysis to McGinnies’ evidence for 
“perceptual defense” against taboo words (8). 
His taboo words had a low frequency of occur- 
rence in the English language when compared to 
his neutral words, and higher thresholds for 
taboo words should, therefore, be expected on the 
basis of relative frequency of usage. McGinnies 
(9), in rebuttal, argued that the Thorndike- 
Lorge word counts are derived from literature, 
not verbal usage in everyday living, and so are 
not representative. This point is, however, 
quite inappropriate when it is realized that 
tachistoscopic presentation of words is very 
much like a reading situation; and, if laws of 
stimulus generalization are at all valid, frequency 
of occurrence of words in literature may be ex- 
pected to predict visual duration thresholds for 
word stimuli at least as well as will some index of 
actual verbal response frequency in conversation. 
This problem remains to be explored. 

In addition to the studies which have related 
frequency of usage to visual recognition thresh- 
olds, an experiment of Postman and Solomon 
(13) has shown that, when relative word fre- 
quencies are equated, the recency of word usage 
is significantly correlated with duration thresh- 
olds for verbal stimuli. Other things being 
equal, the more recently a word has been exposed 
to S, the lower will be the recognition threshold 
for that word stimulus. The variables of fre- 
quency and recency are not, of course, entirely 
independent. The more often a word occurs 
relative to all other words, the more likely it is 
to have occurred more recently than other words, 
either in literature read by the S or in words 
uttered by the S. 


There is one fundamental weakness 
in the studies which have demon- 
strated the importance of frequency 
and recency in the determination of 
recognition thresholds for words. 
The index of frequency of word usage 
which these studies employed—the 
Thorndike-Lorge word counts—is a 
population index and allows us to 


estimate in only very rough ways the 
relative frequency of word usage for 
individual Ss. This method, of 
course, represents a lack of adequate 
control over the word frequency vari- 
able. In all probability, the relation- 
ship between the relative frequency of 
word usage and recognition thresh- 
olds has been underestimated owing to 
this imprecision. Experimental con- 
trol of relative word frequencies will 
make a more precise statement of the 
relationship possible. Once this fre- 
quency variable has been experiment- 
ally controlled and its effect on rec- 
ognition thresholds measured, we 
shall have an important baseline for 
the evaluation of emotional, valuative, 
and need-related variables. 

With this point in mind, and with a 
view to the inadequacy of previous 
indices of word frequency, two ex- 
periments were carried out. In both 
these experiments, relative frequency 
of word usage was “built in’ experi- 
mentally and then related to the rec- 
ognition thresholds for the words. 


PROCEDURE 


Experiment 1.—Five undergraduates at Har- 
vard University participated in this experiment. 
The Ss were misled as to the purpose of the 
experiment. When S entered the experimental 
room, he was given the following instruction: 


This is an experiment concerning the ef- 
fectiveness of repetition in learning to pro- 
nounce strange words correctly. It has a 
direct bearing on the problem of reading 
words in a foreign language, as compared to 
hearing the words spoken. In addition, we 
are interested in knowing whether the rela- 
tive effectiveness of the two kinds of learning 
methods depends on general reading ability. 

We are going to give you a deck of cards. 
On each card is printed a strange word. We 
would like you to look at each card carefully 
and then pronounce the word in the way it 
would be pronounced if it were a word in the 
English language. Proceed steadily from 
card to card, turning over each one after you 
have finished with it. Go right through the 
deck and then stop unless you have serious 
doubts about your pronunciations. 
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TABLE 1 


Stimutus Worps Usep 1n THE EXPERIMENTS 











Core-Words Filler-Words 
JANDARA  IKTITAF KADIRGA UDIBNON 
AFWORBU SARICIK ADAFNAW DILIKLI 
BIWOJNI ZABULON BORULCE MECBURI 


NANSOMA CIVADRA 
ENANWAL LOKANTA 


NIJARON OLMADIK 
ENSHIMI BOZULMA 
INKULAM AMARIJA 
TAVHANE FEVKANI 








The £ then handed S a pack of 100 cards. 
The pack consisted of a series of pronounceable 
nonsense words, seven letters each, typed in 
capitals across the middle ofeach card. The 100 
cards contained 24 different nonsense words, 
repeated with varying frequencies. There were 
two words replicated 25 times, two words re- 
plicated 10 times, two words replicated five 
times, two words replicated 2 times, and 14 words 
appearing only once. 

The pack of 100 cards was shuffled thoroughly 
before S went through it, card by card, reading 
and pronouncing each nonsense word. The 
nonsense words, selected from a Turkish- 
English dictionary, are presented in Table 1. 

The first ten words of the list were the core- 
words; they were used later, in the tachistoscopic 
presentation. The other 14 words were “pad- 
ding” to the deck, and they appeared one time 
each in the deck of cards. Each of the core- 
words was varied in its frequency of appearance 
in the pack from S to S, in such a way that a 
latin-square experimental design was completed. 

This design was used in order to try to control 
for inherent differences among words in memor- 
ability and structural variations. Thus, each of 
the five Ss was exposed to the same 24 words 
(ten core-words plus 14 padding words), but each 
S received different frequencies of exposure to the 
different core-words. Two core-words were used 
at each frequency, in order to replicate for words 
per se. 

After the Ss had read the 100 cards, they were 
given an irrelevant task in order to cover up the 
purpose of the experiment. Ss were handed a 
book and given the following instructions: 


Now, we would like you to read the pas- 
sage marked off in this book. We want you 
to read as clearly and distinctly as possible 
without faltering, in order that we may get a 
general index of your reading ability. 


The S then read a page from a section on 
ethics in a randomly chosen textbook in philos- 
ophy. After this, E ushered S into another room 


for the tachistoscopic phase of the experiment 
and read these instructions: 


We are going to present to you, one at a 
time, some words. If you look in the eye- 
piece in this box, you will be able to see two 
lines. The words we will show you will ap- 
pear directly between those lines. Each 
word will be presented to you for very short 
intervals of time, and at first you will not be 
able to tell what the words are. However, 
after each presentation we would like you to 
make a guess as to what the word was. 
Each word will be presented to you several 
times until you have correctly recognized it. 
I will say “Ready” before each exposure of 
the word, and I will tell you when you have 
correctly recognized the word and when a 
new word is going to be presented to you. 


The words used in the tachistoscopic pro- 
cedure contained the core-words of the pack of 
cards. These words were “buried,” in random 
sequence, among 20 other words in the list of 
words for tachistoscopic presentation. These 
20 words contained ten English words, varying 
in frequency over a large range in the Thorndike- 
Lorge counts, plus ten pr»nounceable nonsense 
words that previously had never been exposed to 
S. Thus, the total number of words to be ex- 
posed was 30. They were (a) the ten core-words; 
(b) English words (welfare, surmise, testify, 
titular, example, promise, machete, venture, de- 
serve, balance); and (c) nonsense words never ex- 
posed before (afsanaf, eksimek, peyapey, awnahdi, 
bilogos, akliyat, pisirik, nobetiki, levahik, fedakar). 
In addition to these 30 words, four practice words 
were given at the start of the tachistoscopic ses- 
sion (Harvard, teacher, university, professor). 
The words in the tachistoscope were typed in the 
same capitals used on the cards of the deck 
described above. The ascending method of 
limits was used to determine the duration thresh- 
old (to the nearest .01 sec.) for each of the 30 
words. The duration threshold was defined as 
the flash duration just necessary for correct 
recognition. For details of apparatus and pro- 
cedure, the reader is referred to previous experi- 
ments (3, 11). 

Experiment II.—The purpose and design of 
the second experiment were similar to those of 
the first experiment with the following excep- 
tions: (a) The second experiment was run as a 
groupexperiment. (b) The Ss—30 undergradu- 
ate and graduate students at the University of 
California—were instructed to pronounce the 
words subvocally after E had read them. (c) 
Because this was a group experiment, there was, 
of course, no possibility of counterbalancing the 
words, and, therefore, different frequencies were 
assigned to different words arbitrarily. This 
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procedure confounded frequencies and whatever 
effects stemmed from word structure. (d) 
Tachistoscopic exposure was by means of a pro- 
jector equipped with a shutter which was set at 
a constant exposure duration of .01 sec. Each 
word was exposed 18 times with the illumination 
intensity increasing from exposure to exposure 
by an amount equivalent to a change of 2.5 v. 
(e) The number of trials required for the first 
correct recognition of the exposed word was used 
as a measure of the recognition threshold. 


RESULTS 


Experiment I.—The average dura- 
tion thresholds, in seconds, for all 
core-words are given in Table 2 and 
plotted in Fig. 1. The control words 
to which Ss had not been previously 
exposed, are listed as having a fre- 
quency of zero. Clearly, thresholds 
vary inversely with frequency of prior 
usage. Before evaluating the differ- 
ences among the thresholds, we must 
take account of practice effects. The 
core-words were scattered through the 
tachistoscopic list randomly, but the 
same order of presentation was given 
to each S. In order to adjust for 
practice effects, the list was divided 
into thirds, and separate standard 
scores were computed for each third 
of the list. The standard scores for 
the three thirds were then comparable 
to each other, and further analysis 
could then be made on the assumption 


TABLE 2 


AVERAGE RECOGNITION THRESHOLDS FOR 
Core-Worps or DirFERENT FREQUENCIES 











Experiment I Experiment II 
Gon Wend ‘ 
cet Av. “e Av. 
Thresh- | Stand- | Thresh- | stana- 
old ard (no. ard 
(sec.) Score trials) Score 
0 .96 +.52 12.80 | +1.02 
1 40 +.16 7.88 | —0.24 
2 .27 +.29 6.95 —0.48 
5 26 — .02 9.63 +0.09 
10 .20 —.27 7.25 —0.44 
25 12 — 48 5.92 —0.77 
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Fic. 1. Average recognition thresholds for 
core-words of different frequencies 


that practice effects could not differ- 
entially affect thresholds for different 
core-words. The average standard 
scores for words with different fre- 
quencies of usage are listed in Table 2. 

An analysis of variance was per- 
formed on the standardized threshold 
data (for core-words only). The main 
experimental variable—frequency— 
was found to be a significant source of 
variance (F = 4.75, df = 4 and 25, p 
< .01). Differences among sets of 
words fell short of significance (F = 
1.51, df = 4 and 25). Finally, indi- 
vidual differences among Ss were sig- 
nificant (F = 23.44, df = 4 and 25, 
? < .01). 

Experiment II.—The average dura- 
tion thresholds, in number of trials 
required for recognition, are listed in 
Table 2 and presented graphically in 
Fig. 1. Table 2 also shows the average 
duration thresholds in standard score 
form. Analysis of. variance again 
showed frequency to be a highly sig- 
nificant source of variance (F = 45.60, 
df =5 and 145, p< 01). In the 
case of Exp. II, individual differences 
among Ss were not significant (F = 
.32). 

Although the general trend of the 
thresholds as a function of frequency 
is the same as in Exp. I, the reversal 
between words having two and five 
presentations must be noted. It will 
be remembered that in Exp. II the 
core-words could not be counterbal- 
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anced among the various frequencies. 
It is probable that the particular 
structural characteristics of the words 
given two and five presentations 
outweigh the differential effect of fre- 
quency. When the Thorndike-Lorge 
word counts are used, the structural 
characteristics of particular words 
probably obscure the effects of fre- 
quency in a similar manner. In the 
absence of control for word structure, 
the general resemblance of the curves 
obtained in Exp. I and II is striking 
evidence for the importance of fre- 
quency of usage as a determiner of 
recognition thresholds. 


Discussion 


The data presented in Fig. 1 indi- 
cate quite clearly that visual recogni- 
tion thresholds for words are a nega- 
tively accelerated decay function of 
frequency of prior exposure to a given 
word. Inthe previous work of Howes 
and Solomon (3), using the Thorndike- 
Lorge count as a word-frequency esti- 
mate, recognition thresholds have 
appeared to be an inverse linear func- 
tion of the logarithm of frequency of 
word usage. A logarithmic trans- 
formation is not, however, appropri- 
ate to the present data. Whereas 
Howes and Solomon never had occa- 
sion to assign a frequency of zero to 
any English words, there is a true 
zero frequency point in the present 
function. The logarithm of zero fre- 
quency is relatively meaningless for 
our purposes without some sort of 
correction. The shape of the func- 
tions in Fig. 1, moreover, does not 
yield a linear plot when transformed 
logarithmically. 


It is intéresting to note, however, that the 
mean thresholds for frequencies of word usage 
varying from 1 to 25 (omitting the zero fre- 
quency) do yield a very good fit to an inverse 
linear logarithmic function. Therefore, there is 
some reason to suspect that, when a word has 


been exercised at least once, or has been en- 
countered at least once, its recognition threshold 
will be roughly an inverse function of log fre- 
quency of prior exposure or usage. 


The results shown in Fig. 1 provide 
a theoretical bridge between learning 
theory and perception theory. Let 
us assume that, by differentially ex- 
ercising pronounceable nonsense 
words in this experiment, we have 
established associations of differential 
strength between the visually pre- 
sented verbal stimulus and the re- 
sponse of reading or saying the word.? 
The strength of this association is 
measured by the duration or intensity 
of the stimulus exposure necessary for 
a correct verbal report. 

Given a population of associations, 
the one which has been exercised most 
frequently will have the greatest prob- 
ability of being elicited relative to 
other, like associations. How wiil 
this fact influence S’s responses in a 
tachistoscopic situation? When a 
stimulus pattern is presented at short 
durations or at low illumination in- 
tensities, only fragments of the total 
word stimulus are “effective.” Such 
a stimulus fragment may be consid- 
ered to represent a point on the gen- 
eralization dimension of stimulus pat- 
terns capable of eliciting the correct 
verbal response. A given stimulus 
fragment may, of course, be located 
on several generalization dimensions, 
each involving a different word. 
Which verbal response will be given 
depends on the relative strengths of 
association which have been estab- 
lished, through generalization, be- 
tween the particular stimulus frag- 
ment and the different response 
words. If the visually presented 
stimulus word has had a greater fre- 


? For purposes of the present analysis it prob- 
ably makes very little difference whether we 
think of these associations in terms of S-R con- 
nections or S-S patterns (hypotheses). 
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quency of prior usage than any of the 
competing response words, a correct 
response is highly probable. 

Words of lower prior exercise fre- 
quency will be interfered with by 
words of higher exercise frequency. 
This interference will manifest itself 
in the tendency for S’s “guesses” to be 
high frequency words. If the actual 
stimulus word is a low frequency word, 
effective stimulus fragments will elicit 
erroneous “guesses” until the amount 
of effective stimulation becomes great 
enough on successive exposures to 
reduce the number of competing word 
responses. One may describe the in- 
crease in effective stimulation as limit- 
ing the range of competing “hypothe- 
ses” (1,10) or one may speak of a 
restriction of stimulus generalization. 
In this connection it is interesting to 
point to the parallel between overt 
intrusions in retroaction and proaction 
experiments and wrong pre-recogni- 
tion responses in the tachistoscopic 
situation. In both cases, a strong 
competing response temporarily re- 
places the correct response. 

Frequency or prior occurrence used 
as an independent variable contains 
two aspects: (a) frequency of prior 
stimulation; and (b) frequency of 
prior response. When the Thorn- 
dike-Lorge word counts are used as a 
frequency index, these two aspects of 
environmental history are confused. 
Such is also the case in the experi- 
ments reported in this paper. When 
the pronounceable nonsense words 
were exposed to the Ss, and they were 
asked to read them, either aloud or 
subvocally, a frequency index was 
being established into which the effects 
of exposure and response enter to un- 
- known degrees. At present, we do 
not know whether frequency of prior 
exposure or frequency of prior response 
is the more important determinant of 
visual duration thresholds to words. 


A series of experiments aimed at this 
problem would have considerable 
bearing on the relative strengths and 
weaknesses of cognitive learning the- 
ory as compared with S-R learning 
theory in handling the facts of word- 
recognition experiments. 


Our experiments point to frequency of prior 
usage as an important determinant of recognition 
thresholds but leave open the question of the 
process mediating the effect of frequency. The 
interaction of motivational factors with fre- 
quency has just begun to be explored (12, 14). 
Frequency of one type of sequence need not be 
equivalent to another type. The functions 
shown in Fig. 1 were obtained with verbal se- 
quences which had no important motivational 
consequences for the Ss. To what degree con- 
sequences of a high motivational nature will 
alter these functions is a question to be answered 
experimentally. 

One final methodological note. Using opera- 
tions typical of perception experiments (deter- 
mination of thresholds), we have attacked our 
problem in terms of concepts derived from verbal 
learning. The phenomena of word recognition 
can play a strategic role in the rapprochement of 
theories of perception and verbal learning. The 
fact that many perceptual experiments concerned 
with nonverbal stimuli use verbal reports as their 
basic data makes it highly desirable to explore 
further the relations between the laws of verbal 
behavior and the laws of perception. 


SUMMARY 


This experiment was concerned with 
the relationship between tachisto- 
scopic recognition thresholds for words 
and frequency of prior usage of the 
words. 

Pronounceable nonsense words were 
used as stimuli. Frequency of usage 
was controlled experimentally by re- 
quiring Ss to read and pronounce dif- 
ferent nonsense words with frequencies 
ranging from 1 to 25. Later, Ss’ 
tachistoscopic recognition thresholds 
for these words were determined as 
well as for control words which had 
zero frequency of prior usage. Rec- 
ognition thresholds were found to 
vary inversely with frequency of prior 
usage. 
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The discussion stresses the close 
relationship between Ss’ responses in 
a tachistoscopic recognition situation 
and responses measured in experi- 
ments on verbal learning. Frequency 
of past usage is a determiner of re- 
sponse strength in both types of situ- 
ation. The importance of controlling 
such variables as frequency of usage 
in experiments relating perceptual 
sensitivity to personality variables is 
pointed out. 


(Manuscript received June 30, 1951) 


REFERENCES 


1. Bruner, J. S., Personality dynamics and 
the process of perceiving. In R. R. 
Blake & G. V. Ramsey (Eds.), Per- 
ception: an approach to personality. New 
York: Ronald Press, 1951. 

2. Bruner, J. S., & Postman, L. Emotional 
selectivity in perception and reaction. 
J. Pers., 1947, 16, 69-77. 

3. Howes, D. H., & Sotomon, R. L. Visual 
duration threshold as a function of word 
probability. J. exp. Psychol., 1951, 41, 
401-410. 

4. Howes, D. H., & Sotomon, R. L. A note 
on McGinnies’ “Emotionality and per- 
ceptual defense.” Psychol. Rev., 1950, 
57, 229-234. 

5. McCreary, R. A., & Lazarus, R. S. 
Autonomic discrimination without aware- 
ness: an interim report. J. Pers., 1949, 
18, 171-179. 


6. McCuettanp, D. C., & Arxrinson, J. W. 
The projective expression of needs: I. 
The effect of different intensities of the 
hunger drive on perception. J. Psychol., 
1948, 25, 205-222. 

7. McCuettanp, D. C., & Liperman, A. M. 
The effect of need for achievement on 
recognition of need-related words. /. 
Pers., 1949, 18, 236-251. 

8. McGinnizs, E. M. Emotionality and per- 
ceptual defense. Psychol. Rev., 1949, 
56, 244-251. 

9. McGrnntes, E. M. Discussion of Howes’ and 
Solomon’s note on “Emotionality and 
perceptual defense.” Psychol. Rev., 1950, 
57, 235-240. 

10. Postman, L. Toward a general theory of 
cognition. In J. H. Rohrer & M. Sherif 
(Eds.), Social psychology at the crossroads. 
New York: Harper, 1951. 

11. Postman, L., Bruner, J. S., & McGinnis, 
E. M. Personal values as selective 
factors in perception. J. abnorm. soc. 
Psychol., 1948, 43, 142-154. 

12. Postman, L., & Scunemer, B.M. Personal 
values, visual recognition and recall. 
Psychol. Rev., 1951, 58, 271-284. 

13. Postman, L., & Sotomon, R. L. Perceptual 
sensitivity to completed and incompleted 
tasks. J. Pers., 1950, 18, 347-357. 

14. Sotomon, R. L., & Howes, D. H. Word 
frequency, personal values and visual 
duration thresholds. Psychol. Rev., 1951, 
58, 256-270. 

15. Tuornoixe, E. L., & Lorce, I. The teach- 
er’s word book of 30,000 words. New 
York: Teachers’ Col., Columbia Univer., 
1944. 

16. Vanverptas, J. M., & Brake, R.R. Selec- 
tive sensitization in auditory perception. 


J. Pers., 1949, 18, 252-266. 











ERRORS OF VISUAL RECOGNITION ! 


F. H. GEORGE 
University of Bristol 


Gestalt psychologists maintain that 
in memory function certain dynamic 
changes take place in the “memory 
trace”; these processes are labeled 
variously normalizing, sharpening, 
pointing, etc. These views, now well 
known, have had a considerable effect 
on the development of experimental 
psychology, and they are based largely 
on the experimental work of Perkins 
(10), Wulf (12), and Gibson (2). 
However, Hebb and Foord (3) have 
recently challenged the validity of the 
method of successive reproduction 
which was used by all the above three 
Es. Hebb (4) has recently made this 
challenge a nodal point in the develop- 
ment of his own theory of perception, 
hence the renewed importance of in- 
vestigating further the empirical facts. 

There is one crucial question that 
needs to be asked. Is the method of 
successive reproduction valid to show 
these dynamic changes in the memory 
trace? Hebb says “No” and we 
shall agree that the method is, in 
fact, open to serious objections. It is 
clear that in the course of successive 
reproductions simplification may 
take place owing to S’s “remembering” 
previous reproductions. It may be 
counter-objected that simplification 
of a certain symmetrical or normaliz- 
ing kind even under these conditions 
shows certain dynamic changes. This 
appears to be a matter open to further 
experimental check and such a check 
has been carried out by Hebb and 
Foord with the method of a single 
reproduction. The argument here is 


1T would like to acknowledge the considerable 
help I have received from Mr. B. Waldron and 
Miss A. Passmore of the University of Bristol, 
in carrying out this experiment. 


simply that the questionable method 
of successive reproductions is avoided 
and any progressive dynamic changes 
should be observable in the one repro- 
duction. Under these new conditions 
Hebb and Foord found no statisti- 
cally significant progressive change in 
the trace. Thus it would appear to 
leave the Gestalt psychologists with- 
out any valid evidence in favor of 
their principle. However, further dif- 
ficulties have arisen, as unfortunately 
there are points in this experiment 
which are not beyond criticism. 
Hebb and Foord used 5-min. and 
24-hr. time intervals between the 
original stimulus situation and the 
time of reproduction. Is it possible 
that the changes may have been pro- 
gressive if the time interval had been 
longer? Secondly, Hilgard (5) has 
pointed out that the figures originally 
chosen may have been equally bal- 
anced between “sharpness” and 
“closure.” Two experiments were 
carried out in an attempt to overcome 
the two possible objections to the 
Hebb-Foord experiment. 


MetTHOD 


In Exp. I, the sets of cards originally used by 
Hebb and Foord (3) were used, under identical 
(or near identical) conditions of instructions, etc., 
but with new time intervals. A control group 
was used having the same 5-min. and 24-hr. 
intervals as in the original work, but new groups 
were also set up having time intervals of 4 and 
8 days. 

Experiment II was under the same experi- 
mental conditions as the Hebb-Foord experi- 
ment, with time intervals of 5 min. and 24 hr., 
but with a set of ellipses of varying eccentricity. 

Stimulus materials —Three sets of cards were 
used altogether. The first set was composed of 
24 circles which were incomplete, there being 
small variable gaps in the circumference. 
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These gaps varied by steps of 24° up to a 60° gap 
which was the maximum. The set of incomplete 
circles was drawn with India ink on separate 
7.5-cm. squares of white bristol board. Each 
circle had a diameter of 5.6cm. Cards 8 and 16 
were duplicated and used as original stimulus 
cards; of these duplicated cards, one was selected 
and shown to S as the original stimulus. The S 
was given precise instructions before the pres- 
entation of the stimulus cards, and these will be 
remarked on later. 

The second set was composed of 24 arrow- 
heads in which the sharpness of the point of the 
arrow varied progressively. The distance be- 
tween the barbs of the arrowheads was constant. 
The length of the horizontal line joining the 
point of the arrowhead to the centre of its notch 
was also constant: the set actually varied from 
a very pointed arrowhead with a deep notch to 
a laterally unsymmetrical quadrilateral. Cards 
6 and 14 of this set were duplicated and used for 
presentation to S as the original stimulus. 
Both of the above sets of cards were the same as 
those sets used by Hebb and Foord (3). 

The third set was composed of 14 ellipses of 
progressively varying eccentricity; the variation 
in shape was from nearly circular to flat and 
long. The eccentricity of an ellipse is defined by: 





a— hee 
¢= \ , where a and D are the semimajor 
a 


and semiminor axes respectively. The values of 
@ varied from approximately .1 to .8. The 
actual values of ¢* may be calculated for the 14 
ellipses since 2a varied from 33 in. in Card 1 by 
steps of 1/12 in. to 4} in. in Card 14, and 25 
varied from 34 in. to 2} in. by steps of 1/12 in. 

The cards were drawn in India ink on bristol 
board, as in the case of the first two sets, but in 
this case the cards were of larger dimensions, 
being 15 cm. by 14cm. Two of the set, Cards 
4 and 8 of eccentricity .61 and .76, were dupli- 
cated and used for presentation to S$ as the 
original stimulus. The line of the ellipses was 
approximately #, in. in thickness and this was 
included in the values of a and b. 

Subjects —The Ss, 200 in number, were 
largely undergraduates of the University of 
Bristol, but some number of nonacademic 
civilians were employed. 

Experimental design—tIn Exp. I four groups 
of Ss were used. The time intervals between 
original presentation of the stimulus cards and 
the re-presentation in these groups were 5 min., 
24 hr., 4 days, and 8 days. The groups were 
then divided into halves and one half was shown 
the original “‘circle-with-gap” (Card 8) and 
either Card 6 or Card 14 of the arrowhead 
series. The other half was shown}the other 


. Foord over a wider range. 


original “circle-with-gap” (Card 16) with either 
Card 6 or Card 14 of the arrowhead series. 

In Exp. II, two groups were set up, one group 
having a 5-min. interval between original pres- 
entation and re-presentation, while the other 
had a 24-hr. interval. These two groups were 
also divided roughly into half and one group was 
shown the original ellipse Card 4 and the other 
half was shown Card 8. 

Procedure.—Each S was treated individually. 
The S was shown a circle-with-a-gap card (Card 
8 or Card 16) and then an arrowhead diagram 
(Card 6 or Card 14). In Exp. II, S was pre- 
sented with one or other of the ellipses (Card 4 
or Card 8). The cards were viewed for 5 sec., 
and in Exp. I the time interval between the pres- 
entation of the two stimulus cards was 20 sec. 

The S was told that he would be shown a 
diagram which he was to remember exactly, 
and that the accuracy of his memory would be 
tested. At the end of the prescribed retention 
interval S was handed the 24 recognition pat- 
terns in Exp. I or 14 in Exp. II, each on a sepa- 
rate piece of bristol board as in the case of the 
original stimulus card, and told to pick out the 
one he had been shown originally. 

The packs of cards were handed to S in a 
bundle and S was instructed to sort through 
them in order as many times as he wished, but 
keeping the cards in the original order and look- 
ing at only one atatime. As he discarded one 
card he placed it face downwards on the table 
to make a new pile and thus retain the cyclical 
order of the cards. The pack was handed to all 
Ss in the same cyclical order but the top card 
was varied for each S in a random manner. 
Thus the series was interrupted at any possible 
point, and thus it was hoped to avoid a constant 
error by having, say, Card 1 always on top. 


RESULTS 


The results seem quite conclusive. 
There is no progressive change observ- 
able. in the trace, such as would be 
predicted by a theory of Pragnanz. 
This confirms the findings of Hebb and 
It is seen 
that even if the time interval is ex- 
tended up to 4 days and 8 days no 
progressive tendencies are observable. 
These results demand little comment 
as the statistical analysis is surpris- 
ingly conclusive. The second experi- 
ment is also consistent with the gen- 
eral findings. Using a set of ellipses 
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* A minus sign signifies an error in the direction of Card 1, where Card 1 has the minimum gap, in a set of circles 
numbered from 1 to 24. In the case of arrows the same system is employed, with Card 1 representing the most 


pointed arrowhead. 


** P is for “ progressive,"’ and NP is for “‘non-progressive."" The change is regarded as progressive if the mean 


error is greater and in the same direction after the stated 


under the Hebb-Foord conditions, no 
progressive change, indeed no sig- 
nificant change at all, is observable in 
the results. 

Table 1 presents the distributions 
and means of errors of recognition in 
Exp. I, in terms of minus or plus devi- 
ations from the original stimulus. 
None of the differences between the 


TABLE 2 


Error DistripuTION AND MEANs IN 
RECOGNITION OF ELLIPsEs: 
Experiment II 

















Ellipse No. 4 Ellipse No. 8 
Amount of 
Error* 
5-Min. | 24-Hr. | 5-Min. | 24-Hr. 
—2 2 3 l 1 
—1 3 5 t 2 
0 4 3 8 5 
1 8 2 2 4 
2 3 2 4 4 
3 2 —_ 1 _ 
N 22 15 20 16 
Mean 0.59 | —0.33 | 0.35 0.50 
Direction NP P 
of change* 

















* See footnotes to Table 1. 


interval than after 5 min. 


5-min. and longer intervals is signifi- 
cant at even the 5% level of confi- 
dence, as tested by ¢t. Furthermore, 
if the change is regarded as progressive 
when in the experiment the mean 
error was greater in the same direction 
after the longer interval than after 
5 min., in no case is there any sign of 
a significant progressive change. 
Table 2 presents a similar analysis 
of the data on recognition of elliptical- 
ity that were obtained in Exp. II. 
Again there is no evidence for a sig- 
nificant progressive change in the 
error with elapsed time between the 
original presentation and the recogni 
tion test. 


Discussion 


The above experiments corroborate 
the Hebb-Foord (3) results over a 
wider range. They seem also to meet 
the original objection leveled against 
the Hebb-Foord experiment by Hil- 
gard (5). Thus it may be repeated 
that the results fail to corroborate the 
Gestalt hypothesis of dynamic activ- 
ity within'the trace. 
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It should be added that it is not strictly nec- 
essary to demonstrate the lack of experimental 
evidence for an hypothesis for which no valid 
verification is available, although here it may be 
objected that in carrying out the above experi- 
ments the possibility of such traces is provision- 
ally accepted. Clearly such experiments as the 
above do, in fact, serve to eliminate superogatory 
hypotheses in psychology. It further points to 
the need for introducing hypotheses that can be 
subjected to adequate experimental verification 
and thus to operational definition (1). It 
should be noted further that all possibility of any 
general principle of Pragnanz in memory has 
not vanished as a result of these experiments. 
It does however eliminate the possibility of any 
general principle of Pragnanz as so far postu- 
lated. Any future attempt to use such a prin- 
ciple must be accompanied by an operational 
definition in which the limits of application are 
stated clearly, thus allowing verification. 

It should be added that in the search for 
conditions wherein the dynamic changes are 
possible, or take place, we can now tentatively 
eliminate two variables and narrow the limits of 
the search. The lengthening of time interval 
not being a relevant factor here, it would seem 
that there are some situations wherein dynamic 
changes do not take place and the length of time 
involved makes no difference. To make a 
bolder and experimentally unjustified inference, 
it seems that if dynamic traces occur they may 
occur immediately. Secondly, it would seem 
that the use of figures which are clearly not 
equally balanced between “‘closure” and “sharp- 
ness” is not a guarantee that dynamic changes 
take place. There is one further point of 
special interest to the theoretical psychologist. 
In the theory of Gestalt psychology the principles 
were largely constructed by analogy with the 
classical physics of closed energy systems: the 
principle of Pragnanz being a particular example 
of this sort of theoretical prediction. However, 
the present weight of evidence suggests that open 
energy systems are the only possible basis for 
biological fields and for psychological theory in 
particular, and many of the Gestalt analogies 
cannot therefore logically be “taken over” or 
derived in the way they have been. This means 
that much of Gestalt theory needs to be reformu- 
lated in terms of open energy systems: the 
work of von Bertalanffy (11) and Krech (7, 8, 9) 
as well as Hebb (4) therefore predicts the failure 
of the principle of Pragnanz on theoretical 
grounds. Thus, it seems that it must be dropped 
completely until it can be shown to take place 
and the conditions under which it can be shown 
to take place carefully defined. 

There is one point in the experimental method 
that deserves mention. The S was told that he 


would be shown a diagram which he was to rem- 
ember exactly, and that the accuracy of his 
memory would be tested. This is the Hebb- 
Foord wording and was retained word for word 
as a necessary part of the controls of the experi- 
ment. It is possible that the word “exactly” 
could be construed as effecting a specific sug- 
gestion on the Ss and influencing the form of their 
recognition. However, while this remains pos- 
sible, as a matter of clinical observation, the 
word in question was not emphasized and it ap- 
peared to have no special effect. Statements 
made subsequently by Ss showed that they 
were unaware of any special influence of the 
above. They in fact tended to remember verbal 
phrases such as “incomplete circle,” “black 
ellipse,” etc., although it must be admitted that 
the question of suggestion involved in the 
instructions remains a consideration, however 
small. 


SUMMARY 


Two experiments were undertaken 
on visual recognition, in which, in all, 
three sets of stimulus card were used, 
incomplete circles, arrows, and el- 
lipses. Time intervals of 5 min., 
24 hr., 4 days, and 8 days were used in 
the cases of circles and arrows, and 
5 min. and 24 hr. for the ellipses. 
The findings were in accord with the 
Hebb-Foord findings, that there is no 
observable progressive change in rec- 
ognition as it is predicted by the 
principle of Pragnanz. Thus, the 
principle of Pragnanz must be dropped 
altogether or redefined in more speci- 
fic terms, the limits of application 
being clearly stated. 


(Manuscript received July 11, 1951) 
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RETENTION OF VERBAL MATERIAL AS A FUNCTION 


OF MOTIVATING INSTRUCTIONS AND 
EXPERIMENTALLY-INDUCED FAILURE! 


WALLACE A. RUSSELL 
State University of Iowa * 


The importance for learning of such 
factors as motivation and frustration 
has been widely recognized, yet the 
systematic investigation of the effect 
of these variables on human learning 
and retention has scarcely begun. 
In both experimental and clinical 
situations we frequently seek to con- 
trol motivation and frustration by 
verbal communication between the 
psychologist and S. If the effects of 
such communications on specific as- 
pects of performance related to learn- 
ing could be more reliably determined, 
the possibility of constructing ade- 
quate systematic accounts of the be- 
havior changes involved would be 
markedly improved. 

This investigation deals with three 
questions relevant to these considera- 
tions. 

First, what are the effects of verb- 
ally-induced failure upon retention in 
an experimental verbal learning situ- 
ation? Preliminary studies by Far- 
ber, Russell, and Andreas (2) have 
demonstrated that in paired-associate 
learning failure adversely affects per- 
formance on immediate tests of re- 
tention, but that on delayed tests the 
failed groups perform as well as, or 
perhaps even better than, non-failed 
control groups. This interesting pic- 
ture of initially depressed and sub- 


1 This article is based on a dissertation sub- 
mitted to the faculty of the Department of 
Psychology of the State University of Iowa in 
partial fulfillment of the requirements for the 
Ph.D. degree. The writer is indebted to Dr. 
I. E. Farber for his criticisms and suggestions 
during the planning and execution of this study. 

? Now at the University of Minnesota. 
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sequently improved performance led 
to the hypothesis that the experience 
of failure resulted in both an inhibi- 
tory effect and an increase in drive. 
The dissipation in time of the depress- 
ing inhibitory effect, it was assumed, 
allowed drive to assert itself in the rel- 
ative improvement’of retention scores 
in the failed groups on delayed tests. 
Since the delayed motivational effect 
had not been clearly established statis- 
tically, an effort was made in this 
study to provide more precise tests 
for this possibility. At the same time, 
the generality of the immediate dis- 
ruptive effect of failure was tested by 
employing a verbal learning task 
differing from that used in the pre- 
liminary studies. 

Second, what are the effects of 
initial motivating instructions upon 
the learning and retention of a verbal 
task? Efforts to control human mo- 
tivation usually involve verbal in- 
structions of some kind. Although 
such so-called motivating instructions 
do not seem to result in behavior 
changes completely analogous to 
those obtained by such procedures as 
depriving an organism of food, they 
have apparently been used effectively 
by Alper (1) and others. Her “‘task- 
oriented,” or Low Motivation Ss were 
merely told to memorize a list of non- 
sense syllables and numbers, while her 
“ego-oriented,” or High Motivation 
Ss were told that the task was a test of 
intellectual ability. An immediate 
test of recall showed no significant 
differences between the groups. A 
second test of recall on the following 
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day, however, showed a striking dif- 
ference. The ‘“ego-oriented” Ss 
showed no significant retention loss, 
whereas the “task-oriented” Ss 
dropped significantly below their first 
recall score. If motivational differ- 
ences, as defined by verbal instruc- 
tions, do not affect performance in 
original learning or immediate recall, 
but do result in differences in recall 
on delayed tests, important modifica- 
tions of our theoretical treatments of 
forgetting may be demanded. This 
possibility was explored in the con- 
text of the present experimental situ- 
ation by testing the influence of dif- 
ferential motivating instructions dur- 
ing learning and at recall intervals of 
1 min. and 24 hr. 

The third question involves the pos- 
sibility of a relationship between the 
initial motivating instructions and the 
subsequent consequences of failure. 
No one now denies that the effect of 
failure may vary considerably accord- 
ing to the specific situation in which 
it is induced. The necessity for a 
more detailed investigation of the 
antecedent factors determining failure 
effects has seldom been made explicit, 
however, and experimental evidence 
on the problem is almost completely 
lacking. Rosenzweig (5), in a study 
using the Zeigarnik technique, found 
that recall of incompleted tasks 
seemed to vary with the type of 
motivating instructions. If incom- 
pleted tasks are considered as fail- 
ures, this may indicate that the magni- 
tude of failure effects is influenced by 
the level of motivation. This hy- 
pothesis was tested by determining 
whether there was any interaction be- 
tween the level of motivation as de- 
fined by instructions and the magni- 
tude of the subsequent effects of 
failure. 

To summarize, then, this investiga- 
tion undertook to determine the joint 


influences of motivating instructions 
and experimentally-induced failure 
upon immediate and delayed retention 
in a verbal learning task. 


MetTHOD 


Subjects—The 128 Ss were students in intro- 
ductory psychology during the spring (94) and 
summer (34) of 1949. All Ss were unpracticed 
in experimental verbal learning tasks. The 86 
males and 42 females were assigned at random 
to the experimental groups. 

Apparatus and Materials—The materials to 
be learned were two lists of 12 three-letter non- 
sense syllables previously constructed by Melton 
(4). These were presented in serial order on a 
standard Hull-type memory drum, and learned 
by the anticipation method. Each syllable was 
exposed for 2 sec. A black shutter then covered 
the exposure window for two more seconds before 
the succeeding syllable was revealed. Thus, be- 
tween the appearance of one syllable and an- 
other, there were 4 sec. during which S could 
endeavor to spell out the syllable that would be 
next exposed. The score for a given trial was 
the number of syllables correctly anticipated on 
that trial. A 6-sec. interval elapsed between 
each presentation of the list. . 

Procedure.—All Ss followed the same general 
sequence of treatments: After being given the 
conventional instructions for learning nonsense 
syllables on a memory drum, all Ss learned the 
first 12-syllable list (the practice list) to a cri- 
terion of six correct anticipations, with the 
instruction that the task was presented for the 
purpose of practice only. Then one of two sets 
of instructions intended to produce differential 
motivation was presented verbally to Ss, and 
then they learned a second 12-syllable list (the 
experimental list) to a criterion of five correct 
anticipations, and were then allowed one addi- 
tional learning trial. Immediately following 
this learning each S was either told that he had 
failed at the experimental task or was given no 
knowledge about his performance. Finally, 
each S was given a retention test on the experi- 
mental list by the relearning method either 1 
min. or 24 hr. after reaching the learning cri- 
terion. In either case, relearning was continued 
to a criterion of two consecutive trials without 
any errors in anticipation. 

The 128 Ss were randomly assigned to eight 
groups of 16 Ss each. The eight groups repre- 
sented all of the possible combinations of high 
and low motivating instructions, failure instruc- 
tions or rest, and immediate or delayed recall. 
The treatment alternatives were as follows. 

Motivating instructions—One of the two sets 
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of motivating instructions was introduced just 
prior to the learning of the experimental list. 
Four groups received what were termed “H,” or 
High Motivation, instructions. These indicated 
that performance on the task was a test of 
scholastic aptitude; the importance of each in- 
dividual’s performance was stressed, and an 
incentive of double credit for serving was offered 
for a good score. The S’s name was ostentati- 
ously written on his response sheet and he was 
told that his next task was “for the record.” 

The remaining four groups were given the 
“L,” or Low Motivation, instructions. These 
presented the experimental task as another 
practice list. These lists, it was said, were being 
tried out for possible use in future research work, 
and the present purpose was stated to be the 
determination of which ones might be suitable 
for such use. This preliminary work was de- 
scribed as montonous but necessary, even though 
the scores obtained were not meaningful in 
themselves. 

Failure-rest instructions.—After reaching the 
learning criterion on the experimental list, two 
groups from each of the H and L motivation 
conditions were given instructions intended to 
produce feelings of failure, while two other 
groups in each condition were engaged in neutral 
conversation. The “F,” or failed groups, were 
told: “Mr. , you seem to be having trouble 
with your test. I don’t understand what the 
matter is. You have been doing much worse 
than the other people who have worked on this 
test. So far you’re failing badly. You have 
had trials and yet you failed to get more 
than right on the last trial. (E shows S his 
score sheet.) Most subjects get that many 
right in half as many trials. You’re not even 
close to an average score for trials. You’re 
so far below the norm that I thought something 
must be wrong out here. (Pause) You can see 
all right, can’t you? I don’t understand why 
you’ve been so unsuccessful. So far this is one 
of the lowest scores we’ve had.” 

The “R,” or Rest, groups were given no 
knowledge of their results but were engaged in 
irrelevant conversation for a period of time (1 
min.) equal to that required for the-induction of 
failure. It was announced that it was time for 
a rest, and S was asked what section of intro- 
ductory psychology he was in, whether he had 
ever attended summer school, etc. 

Measurement of retention—The eight treat- 
ment groups were finally differentiated in terms 
of the time interval between learning and a test 














* The Ss were taking a course which required 
its members to serve for 3 hr. as experimental Ss. 
Double credit implied that 1 hr. of experimental 
participation would be counted as two. 


of retention by the relearning method. Four 
groups were given an immediate test only 1 min. 
after the end of original learning, while four com- 
parable groups were dismissed following the 
Failure-Rest instructions and recalled 24 hr. 
later for a similar but delayed test of retention. 
Groups receiving the immediate test are termed 
“I” groups, and those receiving the delayed test, 
“D” groups. Following the relearning test all 
Ss were told that they had performed quite 
satisfactorily and were excused from the labora- 
tory. 

The treatment accorded each of the eight 
groups is indicated by an identifying label, which 
consists of three letters. The first letter indi- 
cates the motivational condition; the second, the 
failure-rest condition; and the third indicates 
whether relearning was immediate or delayed. 
Thus, for example, group HFD received High 
Motivation instructions (H), was given instruc- 
tions (F) following learning which stated that 
they had failed, and was tested (D) for retention 
and relearning after a delay of 24 hr. 

For each S records were kept which indicated 
the correct anticipations, the incorrect anticipa- 
tions, and the failures to anticipate for each word 
on all trials. 


REsULTS 


Performance on the practice list 
provided a basis for comparing the 
groups with respect to initial learning 
ability. A simple analysis of vari- 
ance was carried out to test whether 
the mean number of trials required to 
reach a criterion of five correct anti- 
cipations on the practice list differed 
significantly from group to group. 
The value of F obtained in this 
analysis was less than unity, indicating 
that the means did not differ, and 
that the assumption of original equal- 
ity of the groups, so far as rate of 
improvement was concerned, was 
tenable. 


Initial Learning of the Experimental 

List 

The experimental list was learned 
to a criterion of five correct anticipa- 
tions. Table 1 presents the means 
and SD’s for the number of trials re- 
quired to reach the criterion in all 
eight groups. Inspection of Table 1 
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TABLE 1 


Means anp SD’s or THE NuMBER OF 
Triats RequireD TO REACH THE 
LEARNING CRITERION 


(N in each group = 16) 








Mean 











Group | Mean SD | 
LRI 7.31 2.49 | HRI | 6.06 | 2.54 


Group 





LFI | 6.69 | 1.89 || HFI | 831 | 4.38 
LRD | 6.81 | 2.38 |} HRD} 6.75 | 3.38 
LFD | 7.38 | 1.65 ||} HFD | 8.06 | 3.56 











reveals that the SD’s for the four 
High Motivation groups (HRI, HFI, 
HRD, HFD) were all higher than any 
of the SD’s in the Low Motivation 
groups (LRI, LFI, LRD, LFD). 
Moreover, the variance for the pooled 
H Ss was 13.30 as contrasted with 
4.64 for the L Ss. The F-ratio be- 
tween these pooled variances was 
2.87, a value significant beyond the 
1% level of confidence for the df in- 
volved (63 and 63). 

In spite of this difference in the 
variability of the H and L groups, 
there appeared to be no reliable dif- 
ference between them with respect to 
the mean number of trials required to 
reach thecriterion. The Mann-Whit- 
ney U-test (3), which is applicable in 
the case of unequal variances, showed 
that rank-order differences as great as 
those found among the four L means 
and the four H means would be ex- 
pected by chance alone 44% of the 
time. 

It was concluded that the two sets 
of motivating instructions did not dif- 
ferentially affect the mean number of 
trials required to reach the criterion on 
the original learning of the experi- 
mental list, but that in terms of this 
measure of performance at least, the 
High Motivation instructions did 
tend to increase the variability of per- 
formance more than the Low Motiva- 
tion instructions. 


Retention of the Experimental List 


In order to compare the amount of 
retention in the various groups, the 
difference between the scores on the 
first relearning trial and the last trial 
of original learning (the trial following 
the achievement of five correct) was 
computed for all Ss. In terms of this 
difference, a positive score indicated 
an increment in performance on the 
first relearning trial relative to the 
last learning trial, and a negative 
score reflected poorer performance. 
This difference score reflects the di- 
rection and magnitude of change in 
performance scores rather than the 
absolute levels of performance, and 
will generally be referred to hereafter 
as the adjusted recall score. The 
means and SD’s of the scores for the 
last trial of original learning, the first 
trial of relearning, and the adjusted 
recall scores are presented in Table 2. 

Immediate retention.—The data for 
the four I groups and the four D 
groups were analyzed separately. 
The adjusted recall scores for the 
groups receiving the immediate test 
were subjected to a double-classifica- 


TABLE 2 


Means anv SD’s or Correct ANTICIPATIONS ON 
Last LEARNING TRIAL AND First RELEARNING 
TriaL, anp Apyustep Recatt Scores 


(N in each group = 16) 














=e! 

Score on Last | Score on First Adjusted 
Group| PRE | Reearnine | recall Score 

Mean| SD |Mean| SD | Mean| SD 
LRI | 5.69 | 1.40 | 6.94 | 1.64 1.25} 1.64 
HRI | 5.44 | 0.99 | 6.38 | 1.22 | 0.94) 1.30 
LFI | 5.75 | 1.64 | 5.19 | 2.06 |—0.56} 1.66 
HFI | 5.69 | 1.21 | 4.38 | 2.31 |—1.31] 1.10 
LRD | 5.12 | 0.86 | 1.50 | 1.27 |—3.62) 1.62 
HRD | 5.50 | 1.90 | 3.06 | 2.25 |—2.44| 2.42 
LFD | 5.81 | 1.07 | 2.56 | 2.06 |—3.25] 2.25 
HFD | 5.25 | 1.25 | 2.19 | 1.94 |—3.06] 1.78 





































tion analysis of variance, the summary 
of which is presented in Table 3. 

It may be seen that the effect of the 
Failure-Rest variables upon immedi- 
ate retention was highly significant. 
With 1 and 60 df, an F of 7.08 is 
needed for significance at the 1% 
level, whereas the obtained F for 
Failure-Rest effects was 29.71. The 
mean adjusted recall scores, shown in 
Table 2, reveal a drop in performance 
for both Failure groups (LFI and 
HFI) between the last trial of original 
learning and the first trial of relearn- 
ing, in spite of the fact that only 60 
sec. intervened between these two 
trials. Groups HRI and LRI, for 
which neutral conversation was sub- 
stituted for the statements implying 
failure, showed an increment rather 
than a decrement in performance fol- 
lowing the 60-sec. interval. The 
t-test‘ in scores of groups HFI and 
HRI, and between groups LFI and 
LRI, yielded values of 4.27 and 3.44, 
respectively. Both ?#’s are significant 
beyond the 1% level. 

Relative to the performance of the 
Rest groups, then, the disruptive ef- 
fects of failure upon immediate re- 
tention appear to have been clearly 
demonstrated. 

This immediate disruptive effect of 
failure, however, appeared to be 
quite temporary. Performance on 
subsequent relearning trials indicated 
that the differences between compar- 
able F and R groups diminished rap- 
idly after the first trial. There was, 
however, no evidence to support the 
hypothesis that the F groups would 
ultimately perform better than R 
groups. The absence of any pro- 
nounced facilitating effect following 


‘In this t-test, and others cited hereafter 
which deal with differences between groups ap- 
pearing in the same double-classification analysis 
of variance, the individual’s variance served as 
the estimate of the population variance. 
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TABLE 3 


ANALyYsIs OF VARIANCE or ApjusTepD RECALL 
Scores 1n Groups RECEIVING THE 
Immepiate Test or RETENTION 








Source of af Sum of I 
Variation ’ Squares 
Failure-Rest l 66.01563 | 29.71* 
Motivation l $.51563 2.03 
H vs. L) 
F X M l .76562 4 
Individuals 60 133.31250 
Total 63 204.60938 














* Significant beyond the 1% level of confidence. 


the induction of failure was empha- 
sized by appropriate F-tests which re- 
vealed that the groups did not differ 
significantly in the number of trials 
required to reach the relearning cri- 
terion of two consecutive trials with- 
out errors. 

The analysis of variance of the ad- 
justed recall scores for the I groups 
does not reveal any significant effect 
attributable to the High and Low Mo- 
tivation instructions (see Table 3). 
The F-test for High vs. Low Motiva- 
tion effects yielded a ratio of 2.03. 
This falls far short of significance at 
the 5% level. In the case of the 
original learning, the High Motivation 
groups did appear to be more variable, 
in terms of the number of trials re- 
quired to reach the criterion. It may 
be seen from Table 2 that the effect 
of the two motivation conditions upon 
the variability of the various scores 
computed in terms of the number of 
correct responses was both slight and 
inconsistent. 

The interaction between the failure 
and motivation conditions was not 
significant. At least in this study, 
there is no indication that the magni- 
tude of failure effects varies with the 
motivational instructions given prior 
to learning. This, of course, could 
be due to the particular instructions 
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TABLE 4 


Anatysis oF VARIANCE oF ApjusTep RECALL 
Scores 1n Groups RECEIVING THE 
Detayep Test or RETENTION 











$ f Si 

Variation af a F 
Failure-Rest 1 -2500 06 
Motivation 1 7.5625 1.70 
FXM 1 4.0000 
Individuals 60 267.6250 
Totals 63 279.4375 














used, or to the aspect of behavior 
(retention) measured. 

Delayed retention—An analysis of 
variance, comparable to that carried 
out for the immediate retention 
groups, was performed on the adjusted 
recall scores of the four delayed reten- 
tion groups. The summary of this 
analysis is presented in Table 4. 

An F-test for the significance of the 
effect of the Failure-Rest variable 
upon delayed retention resulted in a 
value of .06. Since this value is less 
than unity, it was concluded that the 
Failure-Rest conditions did not differ- 
entially affect delayed retention. 

An examination of Table 2 reveals 
that all four delayed retention groups 
showed decrements in recall on the 
first relearning trial. Since the small- 
est decrement, that of 2.44 for group 
HRD proved reliable beyond the 1% 
level with a t of 3.27, it follows that 
all the other decrements were also 
significant beyond that level.’ More- 
over, since the greatest difference be- 
tween any of the four means, that of 
1.18 between groups HRD and LRD, 
yielded a ¢ of 1.59, significant at the 
10% to 20% level, it also follows that 
differences between any of the other 


* This inference is, of course, contingent upon 
the use of an error term based upon the indi- 
vidual’s variance as the best estimate of the 
population variance. 


means were even less reliable.* It 
can therefore be stated that the de- 
crements of 3.25 in group LFD and 
of 3.06 in group HFD both repre- 
sented significant drops in perform- 
ance on the first relearning trial, but 
that these effects do not differ signi- 
ficantly from each other or from the 
corresponding decrements in groups 
HRD and LRD. These latter state- 
ments, of course, elaborate the con- 
clusion that delayed retention was not 
affected differentially by the Failure- 
Rest conditions. 

‘As in the case of the I groups, the 
effects of the High and Low Motiva- 
tion conditions were not significant 
in the analysis of variance of the ad- 
justed recall scores under the delayed 
retention condition. The F-test for 
these effects in the D groups yielded a 
ratio of 1.70; whereas a value of 4.00 
was necessary for significance at the 
5% level. 

The results of the present study, 
therefore, lend scant support to the 
contention that motivational differ- 
ences will affect delayed recall even 
when they do not lead to differences in 
immediate recall. It will be recalled 
that Alper (1) suggested that under 
motivational conditions similar to 
those for the H groups in the present 
study there should be no significant 
drop in retention on the delayed test. 
However, as was noted above, all 
four delayed retention groups showed 
significant decrements in recall on the 
first relearning trial. It might at 
least be supposed, on the basis of 
Alper’s report, that the H groups 
would nevertheless drop less than the 
L groups. The fact that the F-test 
for Low and High Motivation effects 
was not significant belies this expecta- 
tion. 

As was the case with the immediate 


6 See footnote 5, p. 212. 
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retention groups, none of the delayed 
retention groups differed significantly 
with respect to the number of trials 
required to reach the relearning cri- 
terion of two perfect trials. 

Joint effects of failure, High and Low 
Motivation instructions and time elaps- 
ing before the relearning series ——The 
experimental design was set up so as 
to make possible statistical tests of 
any interaction among the variables. 
Accordingly, the two double-classi- 
fication tables used to analyze immedi- 
ate and delayed retention separately 
were combined to form a triple-classi- 
fication table. The summary of the 
triple-classification analysis of vari- 
ance is presented in Table 5. 

Since the triple-interaction term 
proved nonsignificant, the simple in- 
teractions were tested, using the indi- 
vidual’s variance as the error term. 
The interaction of failure effects with 
the time elapsing between original 
learning and relearning proved signifi- 
cant beyond the 1% level. This is 
consistent with the previous observa- 
tion that the effect of failure varies 
with the time at which recall is meas- 
ured. Failure effects influenced im- 
mediate recall markedly, but when a 
delayed measure of recall was taken, 
no influences attributable to failure 


TABLE 5 


TripLe-CLassiFICATION ANALYSIS OF 
Variance ror ALL REcALi Scores 











Source af — F 
Motivation 1 .1953 
Failure 1 37.1953 
Time of Recall 1 321.9453 
MXF 1 4.1328 1.24 
MXT 1 11.8828 3.56 
FXT . 1 29.0703 8.70* 
MX FXT 1 6328 
Individuals 120 400.9375 
Total 127 805.9922 














* Significant beyond the 1% level of confidence. 


were noted. It is this change in the 
effect of failure as a function of the 
time between original learning and the 
recall test which is reflected in the in- 
teraction term for these two variables. 

It has been observed that the mo- 
tivation variable showed no significant 
effects on the first relearning trial of 
either the groups tested immediately 
or of those tested 24 hr. later. The 
test for interaction between motiva- 
tion and time elapsing between 
original learning and relearning corre- 
spondingly did not achieve signifi- 
cance. An F of 3.56 was obtained, 
whereas an F of 3.94 is necessary for 
significance at the 5% level for the df 
involved. 

The interaction of the Failure-Rest 
variable with motivation did not 
prove significant in the triple-classifi- 
cation analysis. It will be recalled 
that neither of the double-classifica- 
tion analyses revealed any significant 
interaction between failure effects 
and the High and Low Motivation 
instructions. There is no _ reason, 
therefore, to suppose that the in- 
structions given prior to original 
learning in this study had any differ- 
ential effect upon the subsequent in- 
fluence of the failure. 


Discussion 


Three empirical issues concerning 
the effects of motivation and frustra- 
tion upon one aspect of behavior, i.e., 
the retention of verbal material, pro- 
vided the major impetus for this 
study. The relevance of the results 
for theoretical considerations of mo- 
tivation and frustration in human 
learning and retention may be dis- 
cussed in relation to these empirical 
problems. 

The most striking result provided 
information relevant to the first ques- 
tion, which pertained to the effect of 
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verbally-induced failure in an experi- 
mental verbal learning task. It was 
clearly established that failed Ss 
showed a relative decrement in per- 
formance on the first trial of the test 
of retention taken immediately follow- 
ing the failure experience. No sub- 
sequent indices, either for relearning 
in the immediate retention groups or 
for all measures in the delayed reten- 
tion groups, revealed any differences 
attributable to failure. Thus, the 
empirical picture shows disruption of 
performance for a short period of time 
as the only observed effect of failure 
in this situation. The hypothesis 
that failure would increase motiva- 
tion, and that performance in failed 
groups would ultimately be superior 
to that in control groups as a result of 
this, was not supported. This is not 
crucial evidence, however, that failure 
experiences do not increase motiva- 
tion. It may merely be that motiva- 
tional effects, if they do exist, are not 
sensitively reflected in the type of 
task used here, where accuracy, 
rather than speed, was measured. 
Moreover, in learning situations where 
numerous “wrong” responses may be 
elicited, the effects of increased moti- 
vation are not easily predictable and 
may vary from S to S. 


The ephemeral inhibitory effects of failure 
could be accounted for by considering the possi- 
ble influence of any responses initiated by com- 
ments indicating failure. Such responses would 
be expected to interfere with performance to the 
extent that they proved to be incompatible with 
some of the complex of responses necessary for 
optimal performance on the recall task. 

Just what mechanism might underlie the 
evocation by failure of responses which compete 
with those necessary for efficient performance on 
a given task is a matter of conjecture. Sears (6) 
has suggested that the experience of failure in 
card sorting results in a performance decrement 
by eliciting anticipatory goal responses which 
are incompatible with those conditioned to the 
instrumental act sequence ordinarily leading to 
successful achievement. 

It is possible also that failure situations may 


produce a drive state (frustration, anxiety or 
insecurity) which affects behavior in this case 
through the elicitation of competing responses 
which have been associated with the accompany- 
ing drive stimuli. 

It may be noted that observations of the 
depressive effect of failure have been largely 
limited to tasks in which verbal or symbolic 
processes play an important role. Farber, 
Russell, and Andreas (2), for instance, were 
unable to demonstrate that failure had any 
effect upon rotary pursuit performance. It may 
be that responses initiated by failure are verbal 
in nature. These verbal responses would be 
quite different from, and probably not incompati- 
ble with, the responses required for motor tasks. 
To the extent that the tasks used here required 
overt or implicit verbalization similar to that 
initiated by failure, interference with perform- 
ance due to incompatibility of the responses 
would be expected. 

These guesses as to the nature of the process 
leading to depressed performance under the con- 
ditions of the present study are not mutually 
exclusive. Several of the suggested factors, and, 
indeed, many others, may have operated to pro- 
duce the failure effect. 

If failure-induced responses underlie the im- 
mediate decrement in performance the tempor- 
ary character of this decrement still remains to 
be explained. Apparently, any conflicting re- 
sponses aroused by failure are rapidly extin- 
guished. This could occur if the failure-pro- 
duced responses were not strong enough to com- 
pete successfully with every “correct” response. 
The occurrence of any “successful” responses 
should result in the gradual reinstatement of the 
response complex necessary for efficient perform- 
ance. Furthermore, since the failure comments 
in the present study were repeated only once, it 
would not be expected that responses to the 
failure situation would continue indefinitely. 
It may be that an occasional repetition of the 
failure experience would have maintained the 
conflicting responses and prolonged the period 
of depressed performance. 


The second empirical question to be 
investigated was concerned with the 
influence of the initial motivating in- 
structions upon the learning and re- 
tention of this task. The instructions 
used in this study informed the High 
Motivation Ss that the task was a test 
of scholastic aptitude. In this re- 
spect, the High Motivation Ss re- 
ceived instructions similar to those re- 
ceived by Alper’s (1) “‘ego-oriented” 
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Ss, who were told that their task was 
an intelligence test. In addition, the 
use of a special incentive emphasized 
the importance of a good performance. 
The Low Motivation instructions 
stressed the routine, impersonal na- 
ture of the task even more than did 
Alper’s ‘“‘task-orientation” instruc- 
tions. As far as instructions were 
concerned, then, the motivational dif- 
ferences between Ss of this study 
should have been at least as great as 
in the case of Alper’s (1) study. To 
use her terminology, Ss in H groups 
should have been strongly “ego-in- 
volved,” and those in the L groups 
only “task-involved.” 

Nevertheless, the results did not 
confirm Alper’s contention that de- 
layed recall under ‘“ego-orienting” 
conditions would be different from de- 
layed recall under “task-orienting” 
conditions. The adjusted recall score 
used in the analysis of performance on 
the first relearning trial was essenti- 
ally the same as Alper’s retention- 
difference score, upon the basis of 
which she concluded that there was 
no significant decrement in the recall 
of “ego-oriented”’ Ss after an interval 
of 24 hr. following original learning. 
With the methods used in this study, 
however, the High Motivation groups 
all showed a significant drop in per- 
formance on the delayed test. Fur- 
thermore, the decrement in recall for 
the High Motivation Ss did not differ 
substantially from that for the Low 
Motivation Ss. Thus, the adjusted 
recall scores offer no basis for the view 
that the motivational variable has any 
differential effect upon delayed recall 
when the level of performance in 
original learning is controlled. 


So far as this present study is concerned, then, 
the only clear effect of the High Motivation in- 
structions was the augmentation of the variabil- 
ity of performance during original learning. 
This result may indicate that reactions to in- 


structions of this sort are a function of individual 
differences in personality characteristics. In a 
randomly selected sample from a normal popu- 
lation the number of individuals who improve 
under high motivating conditions and the num- 
ber of individuals whose performance is impaired 
may balance, so that mean group performance is 
unaffected even though the variability within 
the group is increased. Until more empirical 
information is obtained concerning the effects of 
differentially motivating instructions more 


elaborate theoretical interpretations can scarcely 
be justified. 


The third question dealt with the 
possibility that failure effects would 
vary as a function of Ss motivation 
level prior to the induction of failure. 
The results revealed no significant dif- 
ferences between the performance of 
High and Low Motivation Ss who 
were failed, and the interaction terms 
between failure and motivation were 
in all cases not significant. It can be 
concluded that failure effects in this 
type of learning task do not vary to 
any great extent as a function of the 
motivating instructions used. It re- 
mains a possibility that if the motiva- 
tional differences were greater, or if 
some other aspect of behavior were 
measured, such a relationship might 
be found. This plausible hypothesis, 
nevertheless, still awaits confirmation. 


SUMMARY 


1. Following differential instruc- 
tions intended to produce high mo- 
tivation in one-half of the Ss and low 
motivation in the remainder, 128 col- 
lege students learned 12 nonsense syl- 
lables to the same criterion by the 
serial anticipation method. Half of 
the Ss in each motivation condition 
were then told that they were failing 
badly, while the others received no 
evaluation of their performance. Re- 
tention for the task was measured by 
relearning sessions held either 1 min. 
or 24 hr. after the original learning 
session. The retention conditions 
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were distributed equally within each 
of the groups previously defined. 
* Thus, there were eight experimental 
groups with 16 Ss in each. 

2. Relative to the performance of 
nonfailed Ss, failed Ss showed a highly 
significant disruption in performance 
on the first trial of the immediate test 
of retention. No subsequent meas- 
ures, however, revealed any differ- 
ences attributable to failure. 

3. The variability of performance 
during original learning was signifi- 
cantly greater for those groups receiv- 
ing the High Motivation instructions 
than for those receiving Low Motiva- 
tion instructions. However, the 
mean number of trials required to 
reach the learning criterion was not 
significantly different from group to 
group. There was no reliable indica- 
tion that the motivating instructions 
had an effect upon the amount of im- 
mediate or delayed retention or upon 
the magnitude of the failure effects. 

4. Alper’s contention that “ego- 
oriented” (highly motivated) Ss per- 
form better than “task-oriented” (low 
motivated) Ss on delayed retention 
tests was not confirmed by the results 
of this study. 

5. Consideration of performance in 
failed groups led to the conclusion 
that experimentally-induced failure 
had an inhibitory effect upon reten- 
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tion. This effect was transitory, how- 
ever, dissipating both under condi- 
tions of rest and immediate relearning. 
A suggested explanation of this effect 
is offered in terms of competing verbal 
responses presumed to be aroused by 
failure induction. At least in this 
situation, no inference of motivational 
change following failure was necessary. 


(Manuscript received July 16, 1951) 
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DISPLACEMENT: GREATER GENERALIZATION OF 
APPROACH THAN AVOIDANCE IN A 
GENERALIZED APPROACH-AVOIDANCE 
CONFLICT? 


NEAL E. MILLER AND DORIS KRAELING 
Yale University 


A previous paper has shown that 
the type of theoretical analysis that 
has been found useful in dealing with 
conflict behavior (2) can be extended 
to account for a considerable number 
of the details of the phenomena of 
displacement (3). This extension in- 
volves the assumption that the gradi- 
ent of stimulus generalization of the 
inhibiting response is steeper (i.e., 
falls off more rapidly with stimulus 
dissimilarity) than that of the dis- 
placed response. This is illustrated 
in Fig. 1. It can be seen that in the 
original situation the inhibiting re- 
sponse is stronger than the displaced 
response so that the displaced response 
does notoccur. In the new but some- 
what similar situation, the strength 
of the displaced response is stronger 
than that of the inhibiting response 
so that the displaced response does 
occur. The assumption involved is 
analogous to the one that the gradient 
of avoidance falls off more steeply with 
distance in space than that of ap- 
proach (2). 

In a simple example, a man who 
is angry at his chief but inhibited 
from expressing any aggression against 
him takes it out on the office boy 
as a scapegoat. It is assumed that 
the aggression generalizes from the 


1 This study was supported by the Institute of 
Human Relations, Yale University. It was re- 
ported at the 1951 meetings of the Eastern Psy- 
chological Association. The authors thank Mr. 
G. K. Ogren for constructing the mechanical 
part of the apparatus and Dr. Martin Kohn for 
constructing the electrical part and for effective 
general assistance. 


chief to the office boy. But we would 
also expect the responses inhibiting 
the aggression to generalize. And if 
the inhibiting responses generalize as 
strongly as the ones of aggression, the 
man should be just as unable to ex- 
press aggression against the office boy 
as against his chief. Therefore, it is 
necessary to assume that the gradient 
of stimulus generalization of inhibition 
falls off more steeply than that of the 
responses that are inhibited. 

The purpose of this study was to 
test the application of this assumption 
to a simple, controlled experimental 
situation in which an approach habit 
motivated by hunger is inhibited by 
an avoidance habit established by 
electric shocks. 
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Fic. 1. Schematic representation of the as- 
sumption that the gradient of stimulus general- 
ization for the inhibiting response is steeper than 
that for the displaced response. It is only for 
the sake of simplicity that the gradients are rep- 
resented by straight lines in these diagrams; they 
could be any curves that have a continuous 
negative slope which is steeper for avoidance 
than for approach at each point above the abs- 
cissa. 
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MeETHOD 


General design.—First an approach habit was 
established by training hungry rats to run down 
a wide white alley to secure food. The food was 
concealed by a hinged shield which could easily 
be pushed out of the way. Then an avoidance 
habit, inhibiting the approach, was established 
by putting increasingly strong electric shocks on 
the food shield until the animals failed to touch 
it. Finally, the generalization of this approach- 
avoidance conflict was tested by comparing the 
response in the original stimulus situation with 
that in two new situations differing by varying 
amounts from the original one. This was ac- 
complished by dividing the Ss into three groups 
which were tested respectively (a) in the wide 
white alley (same), (b) in a narrower grey alley 
(intermediate), and (c) in a very narrow black 
alley (different). 

As control for any effects of the alleys per se, 
half of the Ss received their original training in 
the narrow black alley so that it was the same 
and the wide white alley was different. ‘To con- 
trol for the odor of the food, it was replaced on 
test trials by a pellet of moist clay. The possi- 
bility that Ss placed in the different alley were 
not transfering specific habits, but only touching 
the pellet of clay by random activity was ruled 
out by a special control group. The control Ss 
were kept on the same feeding cycle as the experi- 
mental ones, but instead of being trained to ap- 
proach and avoid in the alley, they received pel- 
lets of food in restraining cages. Then they were 
tested in the same way as the experimental Ss. 

Subjects —The Ss were 115 male albino rats 
approximately 90 days old that completed the 
experiment. They were randomly divided into 
three groups: trained in wide white alley, trained 
in narrow black alley, and control Ss not trained 
to approach or avoid in either alley. Each of 
these three groups was randomly divided into 
three subgroups tested in the wide white, inter- 
mediate grey, and narrow black alleys, respect- 
ively. 

A pparatus.—The apparatus consisted of three 
separate alleys, each 36 in. long and 5 in. high 
with a transparent hinged lid, and a floor made of 
stainless steel bars 7 in. in diameter spaced at 
j-in. intervals. One of these alleys was 6 in. 
wide with its walls and ends painted white, an- 
other was 4 in. wide with its walls and ends 
painted an intermediate grey, and a third was 3 
in. wide with its walls and ends painted flat black. 

At the starting end of each alley, the bars of 
the grid were connected to an electronic relay. 
As soon as the rat was placed into the alley, its 
feet shorted the grid allowing a subthreshold cur- 
rent to flow and actuate the electronic relay 
which started an electric timer. 
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Fic. 2. Diagram of the hinged shield which 
concealed the food. The round pellet of food 
rests on a metal strip inlaid into a bent strip of 
insulating plastic. When the rat touches the 
food, he completes a circuit from the metal strip 
to the grid below. The metal shield above 
normally hangs forward against the lip of the 
plastic so that the food is completely concealed. 
The shock can be connected to this shield and 
the grid. 


At the far end of the alley was a little shelf 
on which food could be placed. This was 
covered by a hinged food shield which is illus- 
trated in Fig. 2. The food shelf was connected 
so that when S touched a moist pellet of food, he 
completed a circuit to the grid below and thus 
caused a subthreshold current to operate an 
electronic relay which stopped the electric timer. 

Above each food shield was a flashlight bulb 
that was brightly lighted for the white alley, 
lighted to an intermediate intensity for the grey 
one, and dimly lighted for the black alley. Un- 
fortunately, the exact photometric specifications 
of these lights cannot be given. Each food 
shield was painted the color of its alley. 

A fine grid of lines was cut through the paint 
so that when the shock device was connected S 
would receive a shock whenever he touched the 
food shield with his nose and completed a circuit 
to the grid. The amount of current used as a 
shock was kept relatively constant in spite of 
fairly wide fluctations in Ss’ resistances by the 
pentode tube circuit described by Muenzinger 
and Waltz (5). 

Feeding schedule-—The Ss were fed dry lab 
chow biscuits at the same hour each day shortly 
after the end of training. In order to keep them 
on a reduced diet, the water bottles were re- 
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moved from their cages while they were left with 
dry food for 1 hr. After this the food was re- 
moved and the water restored. During taming 
and training the reward consisted of small pellets, 
approximately the size of a pea, made of moist, 
ground lab chow. 

Taming.—On the second day of reduced feed- 


ing Ss were tamed by receiving three trials with ~ 


the pellet of wet food on a board in the bottom of 
individual cages and three trials with food on a 
similar board outside the cages with each S held 
by hand. On the fifth day of reduced feeding, 
they were given six more trials eating food from 
the board while being held by hand. 

Training.—Training to approach started on 
the sixth day of reduced feeding. It consisted 
of 50 trials distributed over a period of ten days 
in the following way: 3, 5, 5, 5, 0, 0, 10, 10, 10, 2. 
Animals were run in rotation in groups of six so 
that at least 60 sec. intervened between succes- 
sive trials. Each S was placed at the start of 
the alley and the time for him to run down, push 
back the food shield, and touch the food was re- 
corded. On the first two trials of the first day, 
the food shield was propped back so that the 
food was clearly visible; after that, S had to push 
the shield back to get the food. Animals that 
did not eat within 5 min. on any of the first four 
trials, within 1 min. from then through the 
fourth day of training, or within 5 sec. on any 
two consecutive trials thereafter were discarded. 
Six Ss were discarded for these reasons. 

Feeding in the home cages was omitted on the 
next to the last day of training so that Ss were 
48-hrs. hungry on the day when they received 
the last two trials of approach training, the 
avoidance training, and the test trials. 

Avoidance training started immediately after 
the last two approach trials. On each avoidance 
trial S was placed in the alley for 60 sec. with 
the shield connected so that he received an 
electric shock whenever he touched the shield 
with his nose or paws. The shock was .1 ma. on 
the first trial and was increased by .05 ma. after 
each trial on which S received a shock. Avoid- 
ance training was continued until S failed to 
receive shock on three successive 60-sec. trials. 

The control Ss were tamed in the same way 
as the experimental ones, kept on the same feed- 
ing cycle, but were fed pellets of food in special 
cages instead of being given approach and avoid- 
ance training in the alley. On the last day of 
training, they were randomly paired with experi- 
mental Ss. Half of them preceded their partner 
and half of them followed him. Thus they re- 
ceived their pellets in the same sequence as the 
experimental Ss. 

Test trials —The test trials began immedi- 
ately after S had reached his criterion of three 
successive trials without shock. A control S’s 


test trials started after his partner had reached 
the criterion. On test trials each of the three 
groups was randomly divided into three sub- 
groups, one of which was tested in each of the 
three alleys. The goal end of the alley was 
carefully wiped out to remove traces of food and 
a little pellet of moist clay was inserted in place 
of the usual one of food. The time to run down, 
push aside the shield, and touch the pellet of 
moist clay was automatically recorded by the 
electronic relay and clock. Animals not run- 
ning within 60 sec. were removed to wait their 
turn for another trial up to a maximum of four. 
During test trials Ss were run in rotation so that 
an average of approximately 5 min. elapsed be- 
tween successive trials for each S. 


REsuLts AND Discussion 


The percentage of animals reaching 
the goal during the four test trials is 
shown in Fig. 3. (An analysis in 
terms of the total time to reach the 
goal on test trials yielded exactly 
the same pattern of results but was 
somewhat less reliable statistically.) 
When the test alley was the same as 
the training one, only 23% of the Ss 
reached the goal during the test trials. 
In the intermediate and different alleys 
progressively increasing percentages, 
37% and 70%, reached the goal. 
This is exactly what would be expected 
from the assumption that the avoid- 
ance generalizes less strongly to the 
new situation than the approach. The 
difference between the groups tested 
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Fic. 3. The percentage of Ss in each group 
reaching the goal during the four test trials 








in the same and different conditions is 
significant at the .001 level of con- 
fidence.” 

That the success of the Ss tested in 
the intermediate and different alleys is 
due to generalization from previous 
training rather than to mere random 
behavior without any specific transfer 
is shown by the fact that only 15% of 
the control Ss, which did not receive 
any previous training, reached the 
goal. The difference between the 
control group and the one tested in 
the different alley is significant at the 
.001 level. Furthermore, Ss tested 
in the two new stimulus situations 
showed definite signs of conflict, with 
increasingly hesitant approach in the 
neighborhood of the food shield punc- 
tuated by sudden withdrawals. 

Thus, it may be concluded that the 
approach-avoidance conflict general- 
ized to the new stimulus alleys, and 
that the avoidance generalized less 
strongly than the approach. 

In this experiment, the approach 
habit was established first and the 
avoidance one later. A subsequent 


2 Although all Ss were brought up to the same 
criterion of avoidance (and hence supposedly 
had the same balance of conflict), it was found 
that the number of shocks required to bring 
them to this criterion averaged 4.4, 4.2, and 3.0 
for Ss to be tested, respectively, in the same, 
intermediate, and different alleys. In spite of 
the fact that Ss had been selected randomly, the 
difference between the groups to be tested in the 
same and different alleys was reliable at the .05 
level. Since inspection showed that the differ- 
ence was due to a few Ss requiring an unusually 
large number of shocks in the same group, a 
special analysis was made in which all Ss in either 
group requiring more than five shocks to reach 
the criterion were eliminated. This left 16 Ss 
in the same group, and 21 in the different group, 
and for both groups the mean number of shocks 
to reach the criterion was 2.5. With the groups 
equalized in this way, the conclusion remained 
the same: the proportion of Ss reaching the goal 
was larger for Ss tested in the different alley than 
for those tested in the same alley. A chi-square 
test corrected for discontinuity showed that the 
difference was significant at the .003 level. 
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experiment (6) using the strength-of- 
pull technique to measure the two 
habits separately in different groups 
of Ss, shows that the gradient of 
stimulus generalization is steeper for 
avoidance than for approach when 
the factors of age of habit and distri- 
bution of training trials are controlled. 

As has been shown elsewhere (2, 3, 
4), the assumption confirmed in these 
simple, controlled experimental situ- 
ations is useful in extending a theoret- 
ical model of conflict behavior to phe- 
nomena of displacement and psycho- 
therapy. 


SUMMARY 


1. This experiment was designed to 
test a simple deduction from the as- 
sumption that the gradient of stimulus 
generalization of avoidance falls off 
more steeply than that of approach. 

2. An approach-avoidance conflict 
was established by training hungry 
albino rats to run down a short alley 
for food and then giving them electric 
shocks till they failed to touch the 
food on three successive trials. 

3. To study the generalization of 
this conflict to new stimulus situations, 
some Ss were tested in the same alley 
in which they had been trained, others 
were tested in a somewhat different 
alley, and still others in a quite differ- 
ent alley. In order to determine the 
effects of mere random behavior in a 
new situation, a control group was 
tested without previous training in 
any alley. 

4. The experimental Ss tested in 
the different alleys showed distinctive 
vacillation, with increasingly hesitant 
approach punctuated by sudden with- 
drawals, clearly indicating that they 
had generalized the conflict to the new 
situation. 

5. During the four test trials the 
proportion of Ss approaching near 
enough to touch the “food” was 15% 
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for the controls, and for the experi- 
mental animals 23% in the same alley, 
37% in the somewhat different alley, 
and 70% in the quite different one. 
This shows that avoidance generalized 
less strongly than approach to the new 
stimulus situations. 


(Manuscript received July 24, 1951) 
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DISPLACEMENT: STEEPER GRADIENT OF 
GENERALIZATION OF AVOIDANCE 
THAN OF APPROACH WITH AGE 
OF HABIT CONTROLLED ! 


EDWARD J. MURRAY AND NEAL E. MILLER 
Yale University 


Miller (3) has shown that the as- 
sumptions employed in the analysis of 
conflict behavior (2) may be fruitfully 
extended todisplacement. One of the 
key assumptions is that the gradient 
of stimulus generalization of avoid- 
ance is steeper than that of approach. 
Miller and Kraeling (4) have secured 
evidence supporting this assumption. 
They have shown that when an ap- 
proach-avoidance conflict is general- 
ized to a new stimulus situation, rats 
are more likely to resume approaching 
the dangerous goal. From this it can 
be inferred that the strength of the 
avoidance motivated by fear must 
have been reduced more than that of 
the approach motivated by hunger. 
But their procedure necessarily in- 
volved teaching the animals to ap- 
proach the goal first, before avoidance 
was established by giving them electric 
shocks at the goal. Thus, the ap- 
proach was an older habit than the 
avoidance. Moreover, the approach 
was established in a large number of 
distributed trials while the avoidance 
was learned in a small number of 
relatively massed trials. 

The purpose of the present study 
was to control for the age of the habit 
and the number and distribution of 
training trials by making separate 
measures of generalization on two 


1 This study was supported by the Institute 
of Human Relations. It was presented as a 
paper at the Eastern Psychological Association 
meetings in 1951. The authors wish to express 
their gratitude to Mr. K. G. Ogren for help in 
constructing the apparatus. 


groups of Ss trained to approach and 
avoid, respectively, with the same 
schedule of training trials. A sub- 
sidiary purpose was to see whether 
the relationship between the two 
gradients would remain the same if 
the procedure of partial reinforcement 
was used. 


PROCEDURE 
Experiment with 100% Reinforcment 


Subjects—The Ss were 15 male albino rats of 
Wistar strain approximately 90 days old at the 
beginning of the experiment. They ranged in 
weight from 264 to 340 g. Two groups of 7 and 
8 were matched on the basis of weight. 

Apparatus.—The apparatus consisted of two 
experimental alleys, a shocking device, and a 
setup for measuring strength of pull. 

The two alleys differed markedly in the fol- 
lowing respects: One was 6 in. wide, painted 
white, and placed directly under the overhead 
light in the room. This will be called the white 
alley. The other was only 3 in. wide, painted 
black, and placed at a distance from the over- 
head light. This will be called the black alley. 

Each alley was 10 in. deep, and each floor was 
a grid of stainless steel bars 7 in. in diameter 
spaced at §-in. intervals. The first 8 in. of each 
alley was a starting compartment separated from 
the main part of the alley by a metal door which 
E operated by hand. Opening the door auto- 
matically turned on the current during shock 
trials. The main part of the alley was 32 in. 
long. 

In order to allow Ss motivated by electric 
shock to escape it by running down the alley, 
each alley contained an “island of safety” 12 in. 
long, 1 in. high, and insulated from the grid. 
A small food cup was placed on the far end of 
this island. This “island of safety” was mov- 
able and could be placed 0, 6, 13, or 20 in. away 
from the starting-box door. Wherever it was 
placed a wooden panel was inserted in the alley 
just behind it so that the far end of the “island 
of safety” was the end of the alley. 
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The shock used in this experiment was 310 v. 
of 60-cycle AC, after potentiometer adjustment 
of voltage supplied by a radio transformer, and 
administered through a 250,000-ohm resistance 
in series with S. 

Strength of pull was measured by a modifica- 
tion of the apparatus used by Brown (1). A 
simple rubber-band harness was placed with one 
loop in front of the rat’s forelegs and one loop be- 
hind them. A cord was run back from the 
harness to a metal block sliding on a rod. This 
metal block was connected to an elastic strip of 
rubber. As the rats pulled the block along the 
rod against the tension of the rubber ‘strip, a 
marker attached to the block made a line on 
waxed polygraph paper. From a calibration 
with weights, the length of this line could be 
converted to the strength of pull in grams (e.g., 
lin. = 83gm.). The slack in the cord was such 
that the rat took it up and began pulling against 
the marker when his nose was 10 in. beyond the 
starting-box door. 

Taming.—After 48 hr. of water deprivation 
Ss were allowed to drink from a bottle while 
being held by hand. This was repeated on the 
next day, after which water was permanently re- 
stored to the living cages. Then Ss were put on 
a 24-hr. feeding rhythm for five days. During 
the first two days they were fed wet mash while 
being handled. Thereafter they were fed 
ordinary Purina dog chow checkers for 1 hr. at 
the same time each day. This feeding schedule 
and the value of the shock were selected on the 
basis of exploratory work to give about the same 
level of performance on test trials. 

Training.—Eight Ss were trained with food as 
the reinforcement and seven with escape from 
shock as the reinforcement. The training of the 
shock and the hunger Ss was made as comparable 
as possible. The hunger drive was the same for 
both groups; 1 hr. after their day’s training all 
Ss were fed for 60 min.2 The reward for the 
hunger Ss was a pellet about the size of a pea 
made of ground Purina chow, moistened with 
water and enriched with a little cod liver oil and 
yeast. In order to keep the shock Ss on 
exactly the same diet, they were given the same 
number of these pellets during their feeding hour. 

On each trial the hunger Ss were placed gently 
in the starting box and the starting door was 
raised. They ran down the alley, climbed up on 
the “island of safety,”” and picked up the food 
pellet in the cup. After nearly finishing the 


2 The procedure of having the avoidance Ss 
hungry during training and testing also helped 
to make the conditions similar to those encount- 
ered in experiments on conflict (2,4). In such 
experiments the Ss are hungry as well as fright- 
ened. 


pellet, they were picked up gently and put back 
in the restraining cage. The shock Ss were 
handled in the same way. The E gently placed 
them in the starting compartment and raised the 
door which turned on the shock. About 10 sec. 
after S reached the “island of safety,” he was 
gently removed from the apparatus. 

In order to control for the effect of the alley 
itself, half of the Ss in each group were trained 
in the white alley and half in the black one. 
They were run in rotation in groups of four: 
white-shock, white-hunger, black-shock, and 
black-hunger. Each S was given four trials a 
day with about 5 min. separating each trial. 
Between trials they were kept in individual re- 
straining cages. 

Five such days of training were given, making 
a total of 20 trials. In order to facilitate learn- 
ing, the first 6 trials for both the hunger and the 
shock Ss were given with the “island of safety,” 
which also contained the food cup, 0 in. from the 
starting compartment door, the next 4 at 6 in., 
then 2 at 13 in., and finally, the last 8 at 20 in. 
During the 4 trials of the last day, the animals 
wore the rubber-band harness. 

Testing.—In order to reduce the amount of 
learning occurring to the new stimulus context 
during tests for generalization, the test trials 
were nonreinforced. The Ss trained with 
hunger were tested without food present; Ss 
trained with shock were tested without it. It 
should be noted that this duplicates the condi- 
tions of a conflict in which S remains some dis- 
tance away from the feared goal and hence does 
not receive either food or shock. Since Ss 
trained with shock were motivated only by fear 
on test trials, they will be referred to hereafter 
as the fear group. 

Each S was given two tests in the same alley 
he had been trained in and two in the different 
alley. Any sequential effects were controlled 
by testing half of each subgroup in an SDSD 
order and the other half in a DSDS order. 

During each test S was restrained halfway 
to the goal for 5 sec. and then released. A re- 
cord was made of the maximum distance that S 
pulled the marker against the tension of the 
elastic strip of rubber. 


Experiment with Partial Reinforce- 
ment 


In this experiment the Ss (15 new rats ranging 
in weight from 204-380 gm.), the apparatus, and 
the procedure were the same as in the previous 
one with the following exception: The factor of 
partial reinforcement was introduced by adding 
seven nonreinforced trials during the last two 
days of training. On these trials the shock was 
omitted for Ss rewarded by escape from shock, 
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and the food was omitted for Ss rewarded by 
eating food. In order to maximize the effect (6), 
each nonreinforced trial was given immediately 
before a reinforced one.* The interval following 
each reinforced trial remained the same, approxi- 
mately 5 min. The nonreinforced trials were 
given immediately before the second, third, and 
fourth regular reinforced trials on the fourth day 
and immediately before all four trials on the 
fifth day. 


REsuLTs AND Discussion 


The results of the four test trials 
given to the group with 100% rein- 
forcement are shown in Fig. 1. It 
can be seen that the gradient of gen- 
eralization of the avoidance response 
motivated by fear is steeper than that 
of the approach response motivated 
by hunger. Since the two gradients 
cross, the difference in slope could not 
have been an artifact of distortions in 
the units of measurement. The re- 
sults of all groups are presented in 
more detail in Table 1, which shows 
that the generalization decrement of 
the fear Ss is highly reliable whereas 
that of the hunger Ss is not. The 
difference between the decrements 
(i.e., steeper slope of avoidance) is 
highly reliable. 

When only the first test trial is 
used, the gradient of generalization of 
fear is much flatter. Neither of the 
decrements is reliable nor is the diff- 
erence between them. These results 
are in line with the general finding 
that there may be little difference be- 
tween the original and generalized 
response on the first test trial but that 
the latter have much less resistance to 
extinction by nonreinforced trials (1).4 


3 While primary reinforcement was absent on 
these trials, a considerable amount of secondary 
reinforcement probably was present, mediated by 
cues from the “island of safety.” 

4 Such extinction, increasing the slopes of the 
gradients, could occur during the course of a 
conflict trial. 


It is also quite possible that the strength of 
avoidance motivated by fear on the first test 
trial in the original situation is spuriously low, 
being reduced by factors of the type that N. E. 
Miller and D. Lawrence have observed in an un- 
published study. They have observed that Ss, 
trained to run to escape electric shock, slow down 
markedly immediately after the shock is turned 
off, tending to crouch, but that during successive 
shockless trials these Ss progressively increase 
their speed. This observation shows that the 
response on the first shockless trial does not indi- 
cate the full strength of potential response. 
Their observations suggest (a) that the response 
of running does not generalize completely from 
the drive of pain to that of fear, (b) that the 
fear elicits an innate response of crouching which 
tends to be incompatible with running, and (c) 
that running is relearned (and crouching ex- 
tinguished) as a response to fear during the first 
few shockless trials. That something of this 
kind may have occurred in the present experiment 
is suggested by the fact that the fear Ss showed 
a progressive increase in response in later tests 
in the original situation while the general trend 
of the fear-different group and both groups of 
hunger Ss was downward. One of the theoret- 
ical reasons for introducing some partial rein- 
forcement into the second experiment was to 
give the avoidance Ss some shockless training 
trials during which running would be reinforced 
as a response to fear-without-shock while 
crouching would be extinguished. This should 
tend to remove any spurious reduction in the 
strength of pull in the first test trial in the orig- 
inal avoidance situation and hence produce a 
steeper gradient. 
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Fic. 1. Gradients of stimulus generalization 
of avoidance motivated by fear and approach 
motivated by hunger. The strength of pull of 
each S was measured twice in the same alley in 
which he was originally trained and twice in a 
different alley. 





DISPLACEMENT 225 


























TABLE 1 
Averace Strencto or Putt in Grams on Test TRIALS 
100% Reinforcement Partial Reinforcement 
Test Conditions Trial 1 Av. 2 Trials Trial 1 Av. 2 Trials 
Mean }7* Mean j* Mean )* Mean /7* 
1. Fear-original 146.8 171.1 155.7 158.6 
45 001 02 .003 
2. Fear-different 138.0 108.5 124.2 110.7 
3. Hunger-original 174.2 152.3 128.5 117.9 
35 30 35 45 
4. Hunger-different 161.8 145.1 142.5 120.8 
5. (1-2) — (3-4) 49 .002 .07 .004 














* The p-values are from #-tests for evaluating differences in the predicted direction and are therefore based on 


one tail of the probability distribution. 


As Table 1 shows, on the first test 
trial the fear group trained with partial 
reinforcement showed a generaliza- 
tion decrement which is statistically 
reliable. The hunger group showed a 
slight difference in the opposite direc- 
tion which is not reliable. The 
greater steepness of the gradient of 
fear (i.e., algebraic difference between 
the differences) approaches reliability 
on the first test trial and becomes 
highly reliable when all four test trials 
of the Ss trained with partial rein- 
forcement are used. 

We may conclude that when the 
age of habit and number of training 
trials are held constant, the generaliza- 
tion gradient of avoidance motivated 
by fear is steeper than that of ap- 
proach motivated by hunger. When 
Ss are trained with 100% reinforce- 
ment, this difference does not show up 
on the first test trial. When they are 
trained with partial reinforcement, it 
does. With either kind of training it 
shows up clearly in a series of nonrein- 
forced trials. 

In these experiments the approach 
was motivated by hunger and the 
avoidance by fear. One might at- 
tempt to explain the difference in 


terms of appetitive and aversive 
drives. However, according to an 
hypothesis put forth by Miller (2, 3) 
and Brown (1), the difference is due to 
the fact that the approach is based on 
a primary drive and the avoidance on 
a learned, response-produced one. 
This hypothesis has been confirmed in 
an experiment (5) in which the gradi- 
ent of a response motivated by the 
learned drive of fear was found to be 
steeper than that of a response motiv- 
ated by the primary drive of pain. 


+ SuMMARY AND CoNCLUSIONS 


1. The purpose of this study was to 
compare generalization gradients of 
avoidance motivated by fear and ap- 
proach motivated by hunger when the 
age of the habit and the number and 
distribution of training trials were con- 
trolled. 

2. Two groups of rats were trained 
to run down an alley. One received 
food as reinforcement and the other 
escape from shock as reinforcement. 
Another pair of groups was trained in 
the same way except that seven non- 
reinforced trials (i.e., partial reinforce- 
ment) were added to the training 
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procedure. All Ss were given four 
nonreinforced test trials on which their 
strength of pull was measured. No 
shock or food was present on these 
trials. Two test trials were in the 
same alley in which they were trained 
and two in a different alley. The se- 
quence of testing was balanced. 

3. The difference between the 
strength of pull in the same alley and 
in the different one (i.e., steepness of 
the gradient of stimulus generaliza- 
tion) was greater for the avoidance 
response motivated by’fear than for 
the approach response motivated by 
hunger. For Ss trained with 100% 
reinforcement this difference did not 
show up on the first test trial; for 
those trained with partial reinforce- 
ment, it did. For both the 100%- 
and the partial-reinforcement groups 
this difference in slope was highly 
reliable when the scores of the non- 
reinforced test trials were averaged. 


(Manuscript received July 24, 1951) 
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DISPLACEMENT AND CONFLICT: LEARNABLE DRIVE 
AS A BASIS FOR THE STEEPER GRADIENT OF 
AVOIDANCE THAN OF APPROACH! 


NEAL E. MILLER AND EDWARD J. MURRAY 
Yale University 


A key assumption in conflict theory 
is that distance of S from the feared 
goal produces a greater decrement in 
the strength of responses of avoidance 
than it does in responses of approach 
(6, 8,10). In short, the gradient of 
avoidance is assumed to be steeper 
than that of approach. The same 
type of theoretical analysis can be ex- 
tended to include phenomena of dis- 
placement (11) and psychotherapy 
(5) by making the similar assumption 
that the gradient of stimulus general- 
ization of avoidance is steeper than 
that of approach. The functional 
similarities between the gradients in 
space and those in stimulus general- 
ization are in line with the hypothesis 
that the former are derived from the 
latter (2, 3, 5, 7, 17). 

The assumption that the gradient 
of avoidance is steeper in both dis- 
tance and stimulus dissimilarity than 
that of approach is confirmed by ex- 
perimental and clinical evidence from 
a variety of situations (3,5, 10, 11, 
15, 16).2 But such evidence does not 
prove that this assumption is applica- 
ble to all situations. An analysis of 
the reasons for the greater steepness 
of the gradient of avoidance should 
help us to define more exactly the 
generality of this phenomenon. 

A previous study has shown that the 


1 This study was supported by funds from the 
Institute of Human Relations, Yale University. 
The authors thank Mr. K. G. Ogren for help in 
constructing the apparatus. 

2 It should also be noted that alcohol and the 
barbiturates seem to produce a greater reduction 
in the strength of avoidance than of approach 
(1, 4, 5, 9). 


difference in steepness persists when 
the factors of age of habit and number 
and distribution of training trials are 
controlled (16). 

Miller (10, 11) and Brown (3) have 
advanced the hypothesis that the 
difference in slope is produced by a 
difference in the source of the drive 
motivating the behavior. In all the 
experiments the approach has been 
motivated by the primary drive of 
hunger while avoidance was moti- 
vated by the learned drive of fear. 
According to a theory of learned drive 
(13, 14), such drives are produced by 
internal responses which obey the 
same laws as overt ones. Thus, when 
the avoidance habit is tested in a new 
stimulus situation, both the fear 
motivating the avoidance and the 
overt responses of avoidance should 
be weakened by generalization. On 
the other hand, the hunger motivat- 
ing the approach is a primary drive 
more dependent upon physiological 
factors which the subject carries with 
him into new stimulus situations. 
Thus generalization will weaken only 
the responses of approach; it will not 
also weaken the drive motivating the 
responses. With the drive remaining 
more constant, the gradient of ap- 
proach should be less steep than that 
of avoidance. 

The preceding analysis has dealt 
with the effects of stimulus dissimilar- 
ity on the gradient of stimulus gen- 
eralization; a parallel analysis can be 
made for the effects of spatial distance 
on the gradient of delay in reinforce- 
ment. 
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The foregoing theoretical analysis 
leads to the prediction that the gradi- 
ent of stimulus generalization of an 
avoidance habit motivated by the 
learned drive of fear should be steeper 
than that of an avoidance habit mo- 
tivated by the primary drive of mild 
pain produced by an electric shock.’ 
The purpose of the present experiment 
was to test this prediction. 


MeETHOD 


General design—First, albino rats were 
trained to escape electric shock by running down 
a wide white alley, the floor of which was a grid, 
to a little elevated “island of safety.” Then 
half of them were tested with the shock turned 
off so that they were motivated by the learned 
drive of fear without any primary drive of pain. 
These Ss will be called the fear group. The 
other half were tested with the shock on so that 
they were motivated by the primary drive of 
pain, and perhaps by some fear. These animals 
will be called the pain group. 

In order to test for stimulus generalization, 
half of each group was tested in the original wide 
white alley while the other half was tested in a 
different narrow black one. The effects of the 
alleys per se were balanced out by training an 
equal number of additional Ss in the narrow 
black alley so that in the test it was the same and 
the wide white one was different. 

The strength of response was measured by 
having Ss wear a little harness attached to a 
cord, stopping them halfway down the alley for 
5 sec. on the test trial, and recording their maxi- 
mum strength of pull during this period. But 
it is possible that there is a curvilinear relation- 
ship between physically equal units of pull in 
grams and psychologically equal units of re- 
sponse strength. For example, as Ss approach 
their limit of strength, large increments in excita- 
tory potential might be required to produce 
small increments in grams of pull. Thus a 
gradient measured at this high level would have 
its apparent slope spuriously reduced. In order 


If it is possible to establish a strong enough 
learned drive (appetite) so that Ss will continue 
to approach when hunger is satiated, a similar 
prediction can also be made for approach habits. 
The gradient of generalization of an approach 
habit should be steeper when it is motivated only 
by the learned components of appetite than 
when it is motivated by innate components of 
hunger. The authors plan to try to test this 
prediction in a subsequent experiment. 


to control for this possibility, the fear and pain 
groups were tested at the same general level of 
performance. This gave the gradients a chance 
to cross if there was any difference in their 
slopes. This equalization of general level of 
test response was accomplished by giving the 
fear group (tested without shock) its original 
training with a somewhat stronger shock than 
the pain group (tested with shock). 

In order to control for the effects of this 
stronger shock used during the training of the 
fear group, an additional pain group was run. 
This group was trained with the same stronger 
shock as the fear group and also tested with that 
shock. In order to prove that any flat gradient 
exhibited by these Ss was not due to having 
reached their limit of strength, they were given 
an additional test with a stronger shock. 

Subjects.—The Ss were 60 male albino rats of 
Wistar strain approximately 90 days old at the 
beginning of the experiment. Of these, 45 were 
used in the main experiment and 15 as the special 
group trained and tested with the stronger shock. 
Four additional Ss were started but not tested 
because they failed to learn. 

Apparatus.—The apparatus is described in 
more detail elsewhere (16). It consisted of one 
wide (6 in.) white alley, and narrow (3 in.) black 
alley, each 40 in. long and with a grid for a floor. 
The first 8 in. was a starting compartment. 
Opening the door out of this compartment 
turned on the electric shock for the whole grid. 
A movable “island of safety,” 1 in. high and 
12 in. long, allowed Ss to get off the grid and 
escape shock. 

On test trials the strength of pull was re- 
corded by a rubber-band harness connected to a 
cord. When S had run halfway down the alley, 
the cord engaged a marker and pulled it against 
the force of a strip of rubber. At the end of 5 
sec. of restraint E pulled a simple catch releasing 


Training.—During the first seven days Ss 
were tamed and a feeding rhythm established by 
a procedure that has already been described (16). 
In order to keep the conditions of this experi- 
ment parallel with those of preceding ones on 
conflict and displacement (10, 15, 16), Ss were 
kept hungry by 22 hr. of food deprivation with 
1 hr. of free access to dry food which began 1 
hr. after the end of each day’s trials. 

Training consisted of four trials a day for five 
consecutive days. The Ss were run in rotation 
in groups of four with a period of at least 5 min. 
between consecutive trials. 

On each training trial S was placed in the start- 
ing box. Approximately 5 sec. later the door was 
raised, automatically turning on the shock. Ap- 
proximately 10 sec. after S reached the “island of 
safety” he was removed and placed in a restrain- 
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ing cage. In order to facilitate learning, the 
“island of safety” was placed up against the 
starting-box door for the first six trials. After 
this it was progressively moved back with 4 trials 
at 6 in., 2 at 13 in., and 8 at 20in. During the 
last four trials of training, Ss wore the rubber- 
band harness. 

For the fear group (trained with shock, tested 
without shock) the shock was 310 v. of 60-cycle 
AC administered through a 250,000 ohm resist- 
ance in series with S. For the pain group 
(trained and tested with shock) it was 100 v. 
The special strong-shock, pain group received 
310 v. during training and on the first test; the 
additional test was with 410 v. Half of each 
group was trained in the white alley and half in 
the black one, making a total of six training sub- 
groups. 

Testing.—Each S was tested on the day after 
the end of training. Half of the Ss in each of the 
training subgroups were tested in the same alley 
that they had been trained in, the other half were 
tested in the other alley. During test trials the 
rubber-band harness was connected to a cord 
leading to the polygraph measuring the strength 
of pull. When they were halfway to the “island 
of safety,” this cord engaged the marker on the 
polygraph so that they pulled against the elastic 
strip of rubber for 5 sec. The fear group were 
tested without shock; the pain group was tested 
with the usual 100-v. shock. The special 
strong-shock, pain group was tested with a 310-v. 
shock and then given an additional test with 410 
v. 


REsuLTs AND Discussion 


The results are presented in Fig. 1. 
It can be seen that the gradient of 
stimulus generalization is steeper for 
the group motivated by the learned, 
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" Fic. 1. The generalization of responses 
motivated by the learned drive of fear and by 
the primary. drive of pain 


response-produced drive of fear than 
for the one motivated by the primary 
drive of pain. Because the two gradi- 
ents cross, the difference in slope could 
not have been an artifact of any dis- 
torted relationship between physical 
units of pull and psychological units 
of response strength. In order to 
test for reliability, an analysis of vari- 
ance was performed. In this analysis 
the difference in slope showed up as 
the interaction term. The F of this 
term was 6.7 for 1 and 41 df; it is 
significant in the predicted direction 
beyond the .01 level. 

This result is what was predicted 
from the theory of learned, response- 
produced drive. It shows that the 
difference between an aversive and an 
appetitive drive is not a necessary 
condition for securing the difference 
in slope. 

That the difference in slope was not 
due to the fact that the fear group re- 
ceived stronger shocks during training 
is suggested by the fact that the special 
group trained and tested with this 
stronger shock (310 v.) did not show 
a generalization decrement. Indeed 
there is a slight reversal which is not 
significant (p = .20, using one tail). 
An analysis of variance between this 
high pain group and the fear group 
shows that the difference between the 
slopes is highly reliable (p = .003). 

That this lack of a difference be- 
tween the high-pain groups tested in 
the same and different situations was 
not due to the fact that Ss were pulling 
as hard as they could in both of them 
is shown by the fact that an increase 
in the strength of the shock (to 410 v.) 
produced an increase in the strength 
of pull. Averaging the same and 
different tests, this increase is highly 
reliable (p = .001, using one tail). 

It is logically possible to assume 
that a stronger shock during training 
produces a steeper gradient of general- 
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ization but that, even though Ss in 
the special group trained and tested 
with strong shock were not at their 
physiological limit, the function relat- 
ing excitatory potential to strength of 
pull is just sufficiently negatively ac- 
celerated to mask the difference in 
slope produced by the stronger shock. 
This type of explanation is so cumber- 
some, however, that it does not seem 
very probable. 

In this experiment the primary 
drive was actually dependent upon an 
external source of electric current, but 
this was kept constant in the different 
test situations, much as the primary 
physiological component of hunger 
would be expected to remain constant 
in different stimulus situations. It 
is entirely possible that Ss in the pain 
group were also responding with a 
learned drive of fear. Any such fear 
as a part of the motivation of the pain 
group would be expected to reduce 
the difference between the groups. 

Finally, it should be noted that the 
results of this experiment, indicating 
that a difference in the type of drive 
can produce a difference in the slope 
of the gradient of generalization, do 
not rule out the possibility that other 
factors may also affect the steepness 
of the gradients. For example, one 
would expect discrimination training 
to be able to increase the steepness of 
either of the gradients (10, 11). 


SUMMARY 


1. The purpose of this experiment 
was to test the prediction that the 
gradient of stimulus generalization 
should be steeper for responses moti- 
vated by a learned, response-produced 
drive dependent upon external cues 
than for a primary drive independent 
of external cues. 

2. Albino rats were trained to es- 
cape electric shock by running down a 
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distinctive alley. Then half of them 
were tested with the shock turned off 
so that they were motivated only by 
the learned drive of fear which would 
be expected to vary with the cues in 
the alley. The other half were tested 
with the shock on so that they were 
motivated by the primary drive of 
pain which would not be expected to 
vary with cues such as the color and 
width of the alley. In order to test 
for stimulus generalization, half of the 
fear and half of the pain group were 
tested in the same alley in which they 
were trained; the other halves were 
tested in a different alley. During 
these tests the strength of the response 
was measured by the force with which 
the animals pulled against a tempor- 
ary restraint. 

3. The gradient of stimulus general- 
ization of the group tested with the 
learned, response-produced drive of 
fear was steeper than that of the 
group tested with the primary drive 
of pain. This result shows that the 
difference in slope is not produced by 
the difference between appetitive 
and aversive drives, and confirms the 
theoretical prediction. 

4. The fact that the two gradients 
crossed rules out any artifact that 
might be produced by a distorted re- 
lationship between physical units of 
pull and psychological units of re- 
sponse strength. Other controls 
make alternative explanations seem 
quite improbable, but cannot entirely 
eliminate them. 


(Manuscript received July 24, 1951) 
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AN EQUAL DISCRIMINABILITY SCALE 


FOR LOUDNESS JUDGMENTS! 


W. R. GARNER 
The Johns Hopkins University 


In a previous paper, Garner and 
Hake (3) described a technique for 
constructing a scale of equal discrimi- 
nability with data obtained from ab- 
solute judgments of a stimulus magni- 
tude, or stimulus ratings. Basically, 
S is required to make judgments 
about single stimuli by assigning each 
stimulus to one of several response 
categories. ‘Then a scale of discrimi- 
nability for the several response cate- 
gories is constructed from the over- 
laps of the judgmental dispersions, 
and the median value for each stimu- 
lus on this discriminability scale is 
determined. The technique produces 
a scale in which equal distances on the 
scale represent equal tendencies to 
judge two stimuli as being in the same 
category. Thus the scale is truly one 
of discriminability of the stimuli, but 
discriminability for absolute judg- 
ments rather than for comparative 
judgments. The technique proposed 
leads to the same type of scale as 
techniques previously proposed by 
Saffir (6) and Attneave (2). 

Preliminary unpublished data by 
the author on such an equal discrimi- 
nability scale for loudness suggested 
several hypotheses about the nature of 
such a scale and the experimental 
factors which affect it. The present 
experiments were designed to test 
specifically three hypotheses. 


1This work was supported under Contract 
N5-ori-166, Task Order I, between the Special 
Devices Center, Office of Naval Research, and 
The Johns Hopkins University. This is Report 
No. 166-I-143, Project Designation No. NR-784- 
001 underthat contract. The author is indebted 
to Miss Jeanne Jordan for assistance in the col- 
lection and tabulation of the data. 


1. The equal discriminability scale 
for loudness is linearly related to a 
scale of cumulative difference limens 
for intensity. Thus the discrimina- 
tive process is the same whether com- 
parative or absolute judgments are 
being made. 

2. In an experimental series, the 
fact that the series has definite limits 
produces anchoring effects which make 
discriminability relatively better near 
the limits. Thus discriminability will 
be better near the highest and the 
lowest intensities presented in the 
series. 

3. The particular spacing of the 
stimulus intensities presented has no 
effect on the discriminability scale as 
long as the limiting intensities are the 
same. Thus the shape of the dis- 
criminability scale is not altered if the 
stimuli are spaced irregularly rather 
than at even intervals of intensity. 


PROCEDURE 


The essentials of the experimental procedure 
were the same for all experiments reported here. 
One S at a time was seated in a soundproofed 
room with a headset comfortably adjusted on his 
head. All listening was monaural through a 
PDR-8 earphone mounted in a doughnut 
cushion. Every 6 sec. a 1000-cps tone was re- 
sented to him and he was required to make a 
single loudness rating for that tone on a score 
sheet which he held in his lap. He made his 
loudness judgments on a scale ranging from zero 
to 20, where “20” was to be used for the loudest 
tone heard in the series, “0” for a tone not heard 
at all, and “1” for the weakest audible tone. 
The other numbers were to be used for the inter- 
mediate loudnesses. The S was always specifi- 
cally instructed to use the response categories as 
loudness categories. At no time did S know 
how many different tones were in the series, or 
what the intensities of the different tones were. 
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The tone lasted 1 sec. and was always pre- 
ceded by the flash of a signal light lasting for 1 
sec. and terminating | sec. before the onset of the 
tone. The entire pattern of light and tone was 
repeated once every 6 sec. The tone was 
filtered through a 1000-cps filter with a pass 
band of 100 cps, so that the onset and offset of 
the tone had few audible transients. The entire 
timing pattern of the tones and the light was 
controlled electronically, and E manually ad- 
justed the intensity of the tone between each 
successive presentation. 

Each different intensity was judged 100 times 
by each S. An experimental session lasted for 
2 hr., with at least one and usually two rest 
breaks during the 2 hr. At the beginning of 
each experimental session, S was allowed to 
listen to the tones presented in random order 
until he felt that he had established the range of 
intensities and his judgmental criterion. Thus 
the data recorded do not reflect the initial period 
in which the S adjusts his judgments to the range 
of intensities presented. 

All presented series were determined before 
running, and the series were constructed in such 
a way that at the end of each 400 presentations 
every stimulus intensity had preceded every 
other intensity an equal number of times. This 
precaution was taken to cancel out any possible 
successive contrast effects. 

The Ss were nine males and one female be- 
tween the ages of 18 and 32. All Ss had thresh- 
olds for the 1000-cps tone in the ear used of ap- 
proximately 5 db SPL. 

In treating the data each S’s data were 
handled separately to construct the equal dis- 
criminability scale. After each scale had been 
constructed, all scales were averaged together 
for the data presented here. It is necessary to 
treat each S’s data individually because all Ss 
do not use the same judgmental criteria. Their 
discriminability scales may be very similar, but 
the actual judgmental categories used may be 
quite different. Thus pooling the data before 
determining how each S used the response 
categories can lead to serious distortion of the 
final scale. 


EXPERIMENTAL CONDITIONS 


There were four different sets of experimental 
conditions used. The differences between them 
were in the range of intensities used and in the 
spacings of the intensities. 


1. The range of intensities was 5 to 100 db re 
0002 dyne/cm.? (SPL) with stimuli spaced every 
5 db. Thus there were 20 different intensities. 
Since each S judged each intensity 100 times, a 
total of 2000 judgments was made by each S. 


(For each condition, 100 judgments were made 
for each intensity.) 

2. The stimuli were spaced every 5 db, but 
the intensity range was 55 to 100 db SPL. 

3. The stimuli were spaced every 5 db, but 
the intensity range was 5 to 50 db SPL. 

4. The range of intensities was 5 to 100 db 
SPL, but the stimuli were spaced roughly ac- 
cording to loudness rather than evenly on a 
decibel scale. Fractionation data had been ob- 
tained from the Ss, and these fractionation data 
were used to construct a loudness scale. For 
these purposes, the main point is that the stimuli 
were spaced very unevenly in terms of log in- 
tensity. The acutal intensities used were: 5, 
40.8, 55.6, 63.7, 69.3, 73.8, 77.5, 80.7, 83.4, 85.7, 
87.8, 89.6, 91.3, 92.8, 94.2, 95.5, 96.7, 97.9, 99.0, 
and 100 db SPL. Thus the spacing of the in- 
tensities was radically different from that used 
in the other experiments. 

The three series involving equal db steps of 
intensity were run in random order for each S. 
Only six Ss were used for the last series, and 
this was run after S had completed the other 
series. 


ReEsuLts AND Discussion 
Although an intensity of 5 db SPL 


was used in three of the experimental 
series, no value for it could be deter- 
mined because a few Ss never heard 
that intensity. With no dispersion 
in the loudness judgments for that 
intensity, no scale value could be 
computed for it. However, the fact 
that that point was used experimen- 
tally should be remembered in some 
of the discussion. 

Relation to cumulative DL’s.—The 
open circles of Fig. 1 show the equal 
discriminability (E.D.) scale as a 
function of stimulus intensity when 
the entire range of intensities was 
used. Throughout the middle range 
of intensities (30 to 80 db), the func- 
tion is essentially linear. The slope 
of the function is greater for lower and 
higher values, indicating that dis- 
criminability is relatively better at the 
higher and lower intensities. 

If the relative DL for sound inten- 
sity were a constant, then a cumulative 
DL scale plotted against log intensity 
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Fic. 1. A scale of equal discriminability as a function of tone intensity. For the open circles, 
the experiment was run with the entire range of intensities in one series. For the closed circles, the 
upper and lower intensity ranges were used in separate series. Since the intercept constant has no 
meaning on the E.D. scale, the curves have been anchored at a value of zero for an intensity of 10 db. 
The intercept constants of the three curves were adjusted independently to give best coincidence by a 


visual fit. Average data from 10 Ss. 


would be a straight line, and we could 
conclude that in the middle range of 
intensities at least, the E.D. scale and 
a scale of cumulative DL’s are linearly 
related. The data of Riesz (5), how- 
ever, show that the relative DL for 
sound intensity rises as intensity is 
decreased; and a plot of cumulative 
DL’s from the data of Riesz against 
the E.D. scale would not be a perfect 
straight line. 

Harris et al. (4), however, have 
shown that the function relating the 
DL for white noise to sound intensity 
depends on the psychophysical method 
used. When they used a two-cate- 
gory method of constant stimuli (i.e., 
no indifference judgment permitted) 
they foundjthat the relative DL for 
intensity was independent of intensity 
down to approximately 5 db Sensation 


Level. They argue that this method 
gives the best indication of the true 
sensitivity of the auditory mechanism, 
and that other methods allow a factor 
of “apprehension” to play too impor- 
tantarole. The forced-choice method 
is also most directly comparable to 
the technique used in the present ex- 
periments, since Ss were forced to 
make a scale judgment about every 
stimulus. 

Although there are no data available 
which have used the forced-choice 
method witha 1000-cps tone, the results 
of Harris et al. allow us to assume that 
if such a method were used, the rela- 
tive DL for intensity would be a con- 
stant regardless of intensity. In this 
case, the cumulative DL scale would 
be linearly related to log intensity 
and to the E.D. scale in the middle 
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range of intensities. The actual scale 
units for the two scales would be 
quite different, of course, but the 
linear relation makes it clear that the 
basic nature of the discriminative 
process is the same whether compara- 
tive or absolute judgments are made. 

Anchoring effect of limiting intensi- 
ties.—The linear relation between the 
E.D. scale and log intensity holds only 
for the middle range of intensities. 
At the higher and lower intensities, 
discrimination is relatively better. 
This effect we have presumed to be 
due to the anchoring produced by the 
intensity limits of the experimental 
series. 

In order to test this assumption of 
the anchoring effect, the two addi- 
tional experimental series were run 
with intensity limits corresponding to 
the middle of the entire intensity 
range used in the first series. If the 
better discrimination at the ends is 
due to an intensity limit effect, then 


14 


the better discrimination should also 
occur in the middle intensities when 
these intensities are at the end of a 
series. 

The data obtained from these two 
shorter-range series are also plotted 
in Fig. 1, and it is clear that the ex- 
pected better discrimination does 
occur. Better discrimination oc- 
curred in the region of 50 db SPL when 
the two half intensities ranges were 
used than when the entire intensity 
range was used. The improved dis- 
crimination extends for about 15 to 
20 db, which is about the same as the 
extent of the better discrimination at 
the two ends when the entire range 
was used. 

Except in the region of 50 db, the 
curves show remarkable agreement. 
Thus the fact that a shorter range is 
used does not in itself make the func- 
tion basically different. The differ- 
ence in the curves occurs only at the 
ends of the functions. 
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Fic. 2. The scale of equal discriminability as a function of loudness in sones. 
Loudness data are from American Standards Association (1). 
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Fic. 3. The scale of equal discriminability as a function of log loudness. 
Loudness data same as Fig. 2. 


Relation to loudness.—In contrast, 
the scale of equal discriminability 
bears no simple relation to loudness 
as determined from fractionation data. 
Figure 2 shows the E.D. scale plotted 
against loudness in sones. The data 
for the sone scale are taken from the 
American Standards Association 
standard for noise measurement (1) 
and represent the best scale obtainable 
from a compilation of different data. 
Figure 3 shows the same relation, but 
with log loudness rather than linear 
loudness on the abscissa. From these 
two curves it is clear that there is no 
simple relation between a scale of 
equal discriminability and loudness 
as measured by other techniques.” 


2 The fractionation data obtained from the Ss 
in these experiments were used to construct a 
loudness scale also. Although this scale does 
not agree too well with the ASA scale, the con- 
clusion about the relation of the scale of equal 
discriminability and the loudness scale is not 
changed if these data are used. 


Effect of different spacings of intensi- 
ties.—Since the E.D. scale showed a 
linear relation to log intensity, there 
is the possibility that the final scale 
simply shows equal discrimination for 
successive intensity steps, since the 
stimuli presented were spaced equally 
on a logarithmic scale. In order to 
test this possibility, six of the Ss were 
run in an additional series, in which 
the spacings of the intensities were 
according to a loudness criterion 
rather than to a criterion of equal 
decibel steps. The loudness scale 
used to determine these spacings was 
obtained from the Ss’ own fractiona- 
tion data. 

The results of this experiment are 
shown in Fig. 4, where the plotted 
points represent the scales obtained 
for the two different spacings of in- 
tensities, for the six Ss used in both 
experiments. It is clear that both 
experiments resulted in the same func- 
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tion, and that the shape of the E.D. 
scale is not a function of the spacing 
of the presented intensities. 

A second point of interest from this 
comparison is that there is no second- 
ary anchoring at approximately 40 db 
SPL. When stimuli were spaced by 
loudness, the lowest intensity used 
was 5 db, and the next lowest 40.8 
db. With this wide separation, it 
seemed possible that the limit effect 
would occur near 40 db, rather than 
near 5 db. That no such anchoring 
occurred is obvious from the data. 
An interesting implication of this re- 
sult is that it is possible to remove the 
anchoring effect from the discrimina- 
bility scale by placing one stimulus 
well beyond the range of intensities 
for which the scale is desired. An 
anchor far enough removed from the 
presented points has no real anchoring 
effect itself, but it will prevent the 


14 T 


limit-anchor from occurring at an- 
other point. In other words, the 
anchoring effect does not spread over 
a constant number of stimuli, but 
over a constant intensity range. 

Information transmission.—In the 
previous paper by Garner and Hake 
(3) it was pointed out that there are 
many situations in which the stimulus 
is simply a symbol for an event or a 
class of events, and that if different 
stimuli are used to represent different 
possible events, it is meaningful to ask 
how much information a particular 
set of stimuli can transmit about the 
original events. It was further 
pointed out that the maximum 
amount of information would be 
transmitted if the stimuli are spaced 
according to a criterion of equal dis- 
criminability. 

Although neither of the experi- 
mental series which used the entire 
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Fic. 4. The scale of equal discriminability as a function of tone intensity when presented stimuli 
were spaced every 5 db apart, and when they were spaced by a loudness criterion. Average data 


from six Ss. 
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intensity range used stimuli spaced 
exactly according to a criterion of 
equal discriminability, the series 
which used equal db spacings fulfills 
this criterion much more closely than 
the series which used equal loudness 
spacings. Thus an approximate test 
of this statement can be made with 
these data. For the six Ss who par- 
ticipated in both of these experiments, 
the average amount of information 
transmitted in bits per stimulus pres- 
entation® was 1.68 for equal db spac- 
ings, and 1.48 for equal loudness 
spacings. Thus it is clear that greater 
information transmission will occur 
when the stimuli are spaced according 
to a criterion of equal discriminability. 


SUMMARY 


Four experiments were run involv- 
ing judgments of the loudness of 
tones presented one atatime. Three 
of the experiments spaced the pre- 
sented stimuli 5 db apart, and one of 
these used a range of 5 to 100 db, an- 
other 55 to 100 db, and the third 5 to 
50 db SPL. The fourth experiment 
used the 5 to 100 db range, but 
spaced stimuli according to loudness 
rather than logintensity. From these 
experiments scales of equal discrimi- 
nability were constructed by a tech- 
nique previously described. The con- 
clusions from these experiments are: 


1. The scale of equal discriminabil- 
ity constructed from loudness judg- 
ments bears the same relation to in- 
tensity as a scale of cumulative DL’s 


* For a description of this term, and its cal- 
culation, see Garner and Hake (3). 


for intensity. Thus the discrimina- 
tive process is the same for absolute 
and comparative judgments. 

2. Any experimental series of tones 
has definite limiting intensities at the 
high and lowends. Relatively better 
discrimination is shown near these 
limiting intensities, and it is suggested 
that a subjective anchor occurs at 
these points. 

3. Spacing the presented stimuli 
non-uniformly on the intensity con- 
tinuum does not change the scale of 
equal discriminability as long as the 
limiting intensities are the same. 

4. The amount of information 
which stimuli can transmit about some 
other series of events will be greatest 
when the stimuli are spaced according 
to a criterion of equal discriminability. 


(Manuscript received for priority 
publication December 17, 1951) 
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ACCURACY OF TACTUAL DISCRIMINATION OF LETTERS, 
NUMERALS, AND GEOMETRIC FORMS! 


T. R. AUSTIN AND R. B. SLEIGHT 
The Johns Hopkins University 


In problems of human efficiency 
there is a definite need for reducing 
visual and auditory burdens in an 
effort to relieve some of the strain 
placed on the human operator. This 
experiment was exploratory; it was an 
attempt to determine whether or not 
tactual cues might ultimately be em- 
ployed in relieving some of this work 
load. Previous experimentation has 
found that tactual perception of form 
may be experienced most effectively 
by the tip of the tongue; however, the 
most likely applied situation involves 
finger-tip sensitivity which ranks sec- 
ond to the tongue ih acuteness of 
tactual perception (5). For that 
reason this experiment was concerned 
only with the finger tip and specifi- 
cally with the index finger tip. 

Past experiments pertinent to this 
study may be broadly classified into 
three categories. First, there have 
been experiments determining the rel- 
ative sensitivity of various parts of 
the body. In general, it may be said 
that the arm is more sensitive than the 
thigh (2), the palm more sensitive 
than the forearm (3, 6), the thumb and 
finger tip more sensitive than the 
palm (3,5,6), and the tongue the 
most sensitive of all (3,5). Major 
(3) has studied tactual sensitivity of 
the lips but admits that finger-tip 
sensitivity is more effective. 

Secondly, there have been experi- 
ments dealing with the adequacy of 


' This résearch was supported in part under 
the terms of a contract between Special Devices 
Center, Office of Naval Research, and The Johns 
Hopkins University. ‘This is report No. 166-I- 
146, Project Designation No. NR-784-001 under 
that contract. 


various stimulus materials. Cala- 
bresi (1) reports findings which indi- 
cate that elementary forms such as 
square, circle, and triangle are rec- 
ognized more rapidly than more com- 
plicated forms. The latter necessitate 
reconstruction from knowledge of 
single parts. Major (3) tested two 
types of circles (solid and outline) and 
two types of triangles similarly con- 
structed. He ranked the outline cir- 
cles as easiest to discriminate and the 
solid circles as most difficult. The 
outline triangles and solid triangles 
ranked intermediate, in that order. 
Zigler and Barrett (6) employed five 
types of stimuli: squares, equilateral 
and right triangles, diamonds, and 
hexagons. Five sizes of each figure 
and three constructions (solid, out- 
line, and point) were tested. The 
outline figures yielded the most accu- 
rate scores when tested on the thumb 
and the triangle ranked best of the 
figures tested. In another study, 
Zigler and Northrup (7) presented 
patterns of confusion found when sev- 
eral figures were tested. An analysis 
of such patterns would be critical be- 
fore practical application of such 
figures would be possible. 

The third category of the existing 
experimental literature involves study 
of discrimination through emphasis 
on the basic cutaneous experiences, 
viz., pressure, pain, warmth, and cold. 
Stone (4), for example, has had some 
success in studying form perception 
through the use of hot and cold 
stimuli. 

From this very brief review of ex- 
isting studies it seems apparent that 
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information is lacking on the maxi- 
mum number of forms which may be 
discriminated tactually; therefore, it 
was deemed worth while to study the 
problem of tactual sensitivity from 
the quantitative viewpoint. 

The purpose of this experiment was, 
then, to determine to what extent 
various letters, numerals, and geo- 
metric forms could be discriminated 
tactually. 

MATERIALS 
Two sets of stimulus figures were employed. 


One set contained all the letters in the alphabet, 
the numerals 2 through 9, and the following geo- 
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Fic. 1. Tactual discrimination apparatus. 





metric forms or figures: diamond, square, right 
triangle, equilateral triangle, rectangle, parallelo- 
gram, crescent, semicircle, and cross. The 
figures comprising this set were cut from rin. 
Masonite sheeting and each figure was the maxi 
mum size which could be inscribed in a }-in. 
circle. This seemed to be the maximum sensi- 
tive area utilizable on a plane surface by the 
average finger tip, as suggested by a study of 
fingerprints. Some slight distortions from com- 
mon forms were made in the letters and numerals 
when such distortions enabled the over-all area 
to be increased (cf. Fig. 3). The letters and 
numerals had a constant stroke width of 2 mm.; 
the geometric forms were solid (had none of the 
inside area cut out). 

The figures included in the second set were the 
same but were made up of wire pins set into 


i ae 


The disk containing the point figures is under the 
cover. The S’s hand is in position and the index finger is situated on a figure exposed through the 


slit in the cover. The other set of stimulus figures (solid) is shown in the background. 
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Masonite bases. While the external dimensions 
were the same as the first set, the stroke—instead 
of being a continuous line—appeared as a string 
of points outlining the figures. The points were 
2 mm. apart; the stroke width in this set was 1 
mm. The letters in both stimulus sets were 
upper case. In neither set were the numerals 
0 (zero) or 1 tested because of the probable con- 
fusion with the letters O and I. 

There was a total of 43 figures in each of the 
two sets. Each set of figures was mounted 
fiatly on a 12-in. disk of plywood. The base of 
each figure paralleled the outside edge of the 
disk. The disks could be mounted under a 
cover and rotated by E in such a way that each 
figure was exposed separately through a slit in 
the cover. The cover could be removed and 
either of the disks used as desired. Figure 1 
shows a photograph of the tactual discrimination 
apparatus. 


PROCEDURE 


At no time during the experiment did S look 
at the figures he was to discriminate tactually. 
The apparatus was placed on a table in front of 
him and he was told that there would be three 
types of figures used: letters, numerals, and geo- 
metric forms. He was instructed to place the 
index finger on the figure at the given signal and 
to respond as quickly as possible by telling E ex- 
actly what the figure was. The S did not know 
before each trial whether the stimulus figure 
would be a letter, numeral, or geometric form; 
nor did he know that each figure would appear 
once and only once in each series. The time 
was taken and recorded for each response. 

Both index fingers were used, changing hands 
every five figures on the point set and every ten 
figures on the solid set. This precaution was 
taken to reduce the effects of adaptation and 
fatigue. For both left- and right-hand positions, 
Ss were told that the orientation of the figures 
was in line with the arm, not the body. 

If any figure could not be discriminated, S 
could “give up” after a reasonable attempt, or 
was instructed to go on to the next figure if no 
discrimination was made within 1 min. 

The procedure can conveniently be broken 
down into four parts, each part corresponding 
to a condition tested. 

Condition 1: solid figures, no movement.— 
Employing the solid figure stimuli, E placed S’s 
finger tip on the stimulus figure. After the finger 
was so placed, no movement was allowed. The 
pressure could be varied slightly by a small 
amount of up and down or rolling movement, but 
at no time was the finger to be lifted from or 
moved on the figure. After a judgment had 
been obtained for this figure, S was instructed to 


lift his finger and keep his arm in place. The 
disk was revolved to the next position and the 
procedure repeated. Timing started the instant 
E released the finger and terminated at the first 
response from S. At this point, both the time 
and response were recorded on prepared data 
sheets. 

Condition 2: solid figures, movement.—The 
solid figures were again used in this condition. 
Instead of E placing the finger on the figure, S 
probed until his finger was situated squarely on 
the figure. He was free to move or lift his 
finger, and could feel in any manner he chose to 
facilitate judgment. Timing began when the 
finger was square on the figure and ended when a 
response was made. As before, both the time 
lapse and response were recorded. 

Condition 3: point figures, no movement.—The 
procedure for this condition paralleled that of the 
first condition except that the point figures were 
substituted for the solid figures. No movement 
was allowed, but the slight rolling or pressing 
was permitted. The finger was placed on the 
figure by E and responses and time periods were 
recorded. 

Condition 4: point figures, movement.—The 
procedure of the second condition was repeated 
here with the point figures taking the place of 
the solid figures. The S placed his own finger 
on the figures and felt as he chose until a dis- 


_crimination was made. Time and responses 


were again recorded. 

Throughout the four conditions, the order of 
presentation of the figures in each condition was 
randomized so that letters, numerals, and geo- 
metric forms were presented in random se- 
quence. A different random sequence was used 
for each S on each condition. Ten adult Ss 
(five male and five female) were tested on each 
of the four conditions, hence a total of 40 ran- 
dom orders was employed. 

Each S was tested on each condition only 
once. A retest would have made possible a 
measure of reliability but at the same time it 
would have introduced certain effects of famili- 
arity which were not desired. The authors 
wished the results of this exploratory experimens 
to be as free from familiarity and learning at 
possible. 


RESULTS 


Since a high degree of accuracy was 
the goal of this experiment, 90% ac- 
curacy was chosen as the acceptable 
criterion, i.e., not more than 10% 
error on a figure for the reports of all 
Ss in any particular condition tested. 
The figures in each condition which 
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Asterisks denote errors made by S “giving up.” Numbers in 


the incorrect reports. 
eding error was made. 


Fic. 2. Per cent accuracy for all figures tested on each of the four conditions. 


the stimulus; those to the right of it are 
parentheses indicate number of times prec 











met this criterion will be emphasized 
in the remainder of this report. Re- 
sults will be divided into four parts 
corresponding to the four conditions 
of the experiment. 

Condition 1: solid figures, no move- 
ment.—Figure 2 shows the complete 
error pattern for each test condition. 
In each per cent accuracy column are 
found the figures reaching the re- 
spective accuracy levels and the errors 
made on those figures. Errors ac- 
counted for by Ss giving up are shown 
by asterisks in the figure. 

In this condition an accuracy of 
100% was attained for the I, L, T, and 
rectangle; the C, F, J, O, and U met 
the 90% accuracy criterion. In all, 
there were nine figures which met the 
criterion. The responses for any 
specific figure may be seen by reading 
from left to right in each per cent ac- 
curacy column. For example, there 
were no errors on the I, one error on 
the C (given as O), two errors on the 
G (given as K and UV), three errors on 
the D (given as Q, 9, and square), etc. 

Condition 2: solid figures, movement. 
—In this condition 25 figures met the 
90% or better accuracy criterion. 
Fourteen figures (C, G, I, J, K, L, O, 
Q, U, Y, 7, 9, diamond, and rectangle) 
were never reported incorrectly; and 
11 figures (D, E, P, T, V, W, X, 2, 
right triangle, crescent, and semi- 
circle) reached the 90% accuracy 
level. All responses are again re- 
corded in Fig. 2 and the figure is inter- 
preted in the same manner as explained 
above. 

It will later be shown that this 
condition (solid figures, movement) 
yielded the highest degree of accuracy 
of all conditions tested. 

Condition 3: point figures, no move- 
ment.—Twelve figures were discrimi- 
nated with an accuracy of 90% or 
better in this condition; the I, J, L, 
T, U, and square at the 100% level, 
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and the C, F, O, X, Y, and right tri- 
angle at the 90% level. Figure 2 
shows that one S gave up (made no 
discrimination) on the X and the 
right triangle stimuli. 

Condition 4: point figures, move- 
ment.—The results of the fourth condi- 
tion are recorded in the last row of Fig. 
2. Seventeen figures met the cri- 
terion; the C, I, L, O, and U at the 
100% accuracy level, and the A, E, 
G, H, K, R, T, V, X, 3, right triangle 
and equilateral triangle at the 90% 
level. 


Discussion 


Over-all evaluation.—F igure 2, which 
has been discussed in detail above, 
may be considered the over-all re- 
sponse pattern. It is interesting to 
note that the I and L were reported 
correctly throughout the experiment. 
Figures common to all four conditions 
which met the criterion of 90% ac- 
curacy or above are: C, I, L, O, T, 
and U. These figures, therefore, are 
easy to discriminate tactually no mat- 
ter how they are presented. 

In the applied situation where for 
various reasons, e.g., uniformity, it is 
desirable to use a set of figures all con- 
structed in the same fashion, one 
might wish to know which of the 
tested conditions should be utilized 
to convey information the most effec- 
tively. Obviously, when no move- 
ment is permitted, not as much in- 
formation can be gained through the 
finger tip as when movement is al- 
lowed. With no movement of the 
fingers, 9 solid and 12 point figures met 
the criterion. When movement was 
allowed, however, 17 point and 25 
solid figures were discriminated with 
90% or better accuracy. In the solid 
figures—movement condition, almost 
60% of the stimulus items met the 
criterion. These results seem quite 
remarkable considering the rigid ex- 
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perimental conditions which included 
no indoctrination of Ss and a 1-min. 
maximum discrimination time. The 
sizes and shapes of the 25 figures in the 
solid figure—movement condition 
which met the 90% criterion are 
drawn to scale in Fig. 3. 

Time factor.—It was thought at the 
beginning of the experiment that the 
items which were discriminated the 
most accurately might also be dis- 
criminated fastest. For this reason 
records were kept for the time of each 
response. A product-moment corre- 
lation coefficient was computed on the 
total data between the number of 
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times each figure was discriminated 
correctly and the speed of correct re- 
sponses. The obtained r was —.14 
+.15, a negative relationship between 
the number of correct responses and 
length of discrimination time. This 
correlation coefficient was not sig- 
nificantly different from zero, showing 
for these total data that speed of re- 
sponse and correctness of discrimina- 
tion are not related. 

Sources of error—There were two 
general sources of error in the judg- 
ments. First, there was the “give-up” 
category. If S could not respond toa 
stimulus (although he was encouraged 
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Fic. 3. Exact sizes and shapes of the 25 stimulus items which met the criteria of 90% or 
better accuracy in Cond. 2 (solid figures, movement) 
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to guess in such cases), or if he did not 
respond within 1 min., the would-be 
response fell into this category. Not 
many errors were accounted for in 
this manner; wherever they occurred 
they seemed to be caused by a lack of 
sensory cues on the more finely de- 
tailed figures. 

The second type of error occurred 
when one figure was confused with 
another. This is best illustrated by 
the confusions which occurred among 
H, N, M, and K. Examples of con- 
fused pairs are: T and 7, Z and 2, 
G and 6, B and 8, A and equilateral 
triangle, C and 0, S and 5, etc. 

The second source of error suggests 
a way of making the series more dis- 
criminable. When two figures are 
often confused with each other, the 
elimination of one of the pair should 
raise the accuracy score of the second. 
The T and 7, and B and 8 will serve to 
illustrate this point. The 7 was often 
called a T but the T was seldom called 
a 7. In this case, elimination of the 
7 would but slightly aid discrimina- 
tion of the T, whereas elimination of 
the T might greatly enhance discrim- 
ination of the 7. In the final analy- 
sis, elimination would depend upon 
which one of the pair was the most 
critical to a specific problem. 

The B and 8 were confused with 
each other with approximately equal 
frequency. Elimination of either 
should enhance discrimination of the 
other. 


Application.—It might be well at this point 
to consider some of the possible applications of 
tactual cues. The zero correlation noted earlier 
between accuracy and speed of response for all 
the data taken together does not mean that the 
time factor is unimportant when considering the 
best discriminated figures. Let us assume that 
ten figures are needed for tactual facilitation on a 
keyboard. Which ten figures should be em- 
ployed? It may further be assumed that these 
necessary figures will be drawn from the solid 
figure set since this set yielded the highest ac- 
curacy score. Three possible criteria may be 
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utilized in the selection of the ten figures: speed, 
accuracy, and a combination of both. 

The 25 figures may be ranked by accuracy 
and then the first 10 selected. The first column 


in Table 1 shows ranking for accuracy. If this 
condition were used, the following figures would 
be selected for the keyboard: C, I, O, 7, L, U, J, 
diamond, 9, and K. 

However, it may be more critical to set speed 
as the criterion as long as accuracy is limited to 
the minimum of 90%. The 25 figures may be 
ranked by speed and the first ten again selected. 
According to Table 1 the following would be 
selected: C, 1, V, O, 7, L, U, D, E, and T. The 
reader may notice that six out of ten are common 
to both selections: C, I, O, 7, L, and U. 

To set the most effective criterion, both speed 
and accuracy should most likely be considered. 
To select by accuracy alone involves using items 
with much longer reaction times than necessary, 
and selection by speed alone involves too many 
inaccuracies. For these reasons it seems safer to 
combine the two criteria. The third column in 
Table 1 illustrates a ranking by speed and ac- 
curacy combined. In making such a ranking it is 
necessary to give an arbitrary weighting to those 
items meeting the 90% accuracy criterion when 
comparing them with the 100% accurate items. 
This has been done by assigning an extra time 
unit (1 sec.) to the 90% accurate items and then 
ranking fortime. This is a rough weighting pro- 
cedure but it will suffice for the purpose of put- 
ting in a more favorable light the items which 
were responded to rapidly but had slight inac- 
curacy. A formal weighting procedure was not 
justified because of the limited nature of the ac- 
curacy data, skewness of the time data and use 
of a “give-up” category in the accuracy data. 

Employing the combined speed and accuracy 
criterion, the following figures would be selected: 
C, I, V, O, 7, L, U, J, D, and E. This set of 
figures has seven items in common with criterion 
one and nine figures in common with criterion 
two. The fact that only six out of ten items 
(C, I, O, 7, L, and U) are common to all three 
criteria suggests that each specific applied situ- 
ation would be improved by selection of a valid 
criterion before choosing the figures to be em- 
ployed. 

At present it is impossible to make a definite 
statement concerning the application of tactual 
cues, but the possibilities are numerous. Tac- 
tual cues, given to the finger tip by means of 
raised numerals, letters, and geometric forms, 
might increase use of control of instrument 
panels or keyboards. In. general, facilitation 
might occur in any situation which involves the 
use of the finger tips in the performance of tasks 
where visual cues are not readily available or are 
impossible. This report covers only a small 
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TABLE 1 


Twenty-Five Ficures Meetinc tue 90% Accuracy CRITERION FOR THE Souip Ficures- 
Movement ConpiTion RANKED For Accuracy, SPEED, AND A COMBINATION oF BoTH 


Each recorded time represents a mean of ten subjects. 


























Ranking by Accuracy Ranking by Speed Ranking ty Socet o7* 
Rank Figure ayy Sane % Accuracy | Rank Figure Rank Figure 

1 = 4.6 100 1 ¢ 1 Cc 

2 I 5.3 100 2 I 2 I 

3 O 6.5 100 3 Vv 3 Vv 

4 * 6.9 100 4 O a oO 

5 L 7.0 100 5 7 5 7 

6 U 7.6 100 6 L 6 L 

7 J 8.1 100 7 U 7 U 

x Diamond 9.8 100 8 D* 8 i 

9 9 9.9 100 9 E* 9 ? 
10 K 10.4 100 10 = 10 E* 
ll Rectangle 11.3 100 11 e ll T 
12 G 14.0 100 12 12 Diamond 
13 a 14.4 100 13 Diamond 13 9 
14 Q 18.4 100 14 9 14 K* 
15 V 5.4 90 15 K 15 w* 
16 D* toh 90 16 - 16 Rectangle 
17 E* 7.7 90 17 x 17 P 
18 T 8.0 90 18 Rectangle* 18 xX 
19 W 9.4 90 19 | Rt. triangle* 19 Rt. triangle 
20 P 10.6 90 20 G 20 G 
21 x 10.9 90 21 Semicircle 21 Semicircle 
22 Rt. triangle 11.3 90 22 = 22 
23 Semicircle 14.3 90 23 Crescent 23 Crescent 
24 Crescent 14.7 90 24 2 24 
25 2 15.7 90 25 Q 25 Q 














* Both members of respective pair are equivalent and may be interchanged. 


range of figures; many others might be studied 
and found as good or better than those tested. 

Possible specific applications of tactual cues 
are: typewriter keyboards to aid learning of the 
touch system, push buttons on industrial ma- 
chinery in cases in which the operator’s eyes are 
occupied elsewhere, cockpit controls to relieve 
the visual and auditory strain on the pilot, and 
dashboard switches on the ordinary automobile. 
In other words, tactual cues may speed up learn- 
ing or efficiency, or relieve the burden on other 
sense modalities and thus promote better over- 
all human efficiency. 


SUMMARY 


The purpose of this experiment was 
to determine to what extent various 
letters, numerals, and geometric forms 
could be discriminated tactually with 
the index finger tip. Two sets of 


stimulus figures were tested, one set of 
solid figures and one set which con- 
tained figures made up of points. 
Both sets included all the letters in 
the alphabet, the numerals 2 through 
9, and various geometric forms. The 
stimulus figures were presented one at 
a time in random sequence to ten Ss. 

The experiment involved four con- 
ditions of presentation of the stimulus 
figures: (1) solid figures, no finger-tip 
movement permitted; (2) solid figures, 
movement; (3) point figures, no move- 
ment; and (4) point figures, move- 
ment. 

Of the four conditions tested, the 
solid figures—movement condition 
proved to be the most effective. Un- 
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der the restrictions of this condition, 
approximately 60% of the figures 
were discriminable at or above the 
90% level of accuracy, i.e., not more 
than one error from a total of ten Ss 
on each of the figures. These figures 
were the following: C, D, E, G, I, J, 
K, L, 0, P, Q, T, U, V, W, X, Y, 2, 7, 
9, diamond, right triangle, rectangle, 
crescent, and semicircle. 

No errors were made on the I or L 
throughout the experiment regardless 
of mode of presentation, and the C, 
I, L, O, T, and U met the 90% ac- 
curacy criterion in each of the four 
conditions. 

Possible applications of tactual cues 
were suggested and three criteria for 
selecting the most effective figures 
were discussed. 


(Manuscript received for priority 
publication December 11, 1951) 
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